This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 


at|http  :  //books  .  google  .  com/ 


HANDBOOK   OF   METALLURGY 


jmm. 


HANDBOOK 


OF 


METALLURGY 


liY 

DR.   CARL  SCHNABEL 

KONICL.    PRBUSS.    OBBR-BEKGRATH 
PROFKSSOR   OF   METALLURGY 


TRANSLATED    BY 

HENRY   LOUIS,   M.A. 

A.R.S.M.,   F.I.C.,   ETC. 
PROFESSOR   OF   MINING  AT    ARMSTRONG  COLLEGE,    NEWCASTLE-UPON-TYNE 


SECOND  EDITION 


Vol.    II 


ZINC— CAr>MIUM— MERCURY— BISMUTH— TIN- ANTIMONY 
ARSENIC— NICKEL— COBALT— PLATINUM— ALUMINIUM 


or  THF     "^^^^ 

UNIVERSfTY 

IttrtttiSn 
MACMILLAN    AND    CO.,    Limited 

NEW  YORK:  THE  MACMILLAN  COMPANY 
1907 

AH  rights  restrvcd 


;      '    I 


IVHT*: 


First  Edition  1898. 
Second  Edition  1907. 

Richard  Clay  and  Sons,  Limited, 

bread  street  hill,  e.c.,  and 

bungay,  suffolk. 


CONTENTS 


ZINC 

PAGE 

Physical  Properties 1 

Chemical  Properties 5 

Chemical  Reactioiis  of  Zinc  Compounds  that  are  of  Importance  in  the 

Extraction  of  the  Metal 7 

Zinc  Oxide » 

Zinc  Sulphide  11 

Zinc  Silicate 14 

Zinc  Carbonate 14 

Zinc  Sulphate 15 

Zinc  Sulphite                                     16 

Zinc  Chloride  16 

-UloysofZinc •  ^7 

Zinc  Ores 18 

Zinc  Blende  or  Sphalerite                                        18 

Calamine  or  Zinc  Spar                              19 

Electric  Calamine,  Hemimorphite  or  Zinc  Silicate 20 

Willemite,  Troostite  or  Hebetiiie 20 

Hydrozincite  or  Zinc  Bloom 20 

Franklinite 20 

Metallurgical  Products  containing  Zinc 20 

The  Extraction  of  Zinc 21 

Purification  of  Zinc,  22. 

Extraction  of  Zinc  in  the  Dry  Way 22 

The  Extraction  of  Zinc  from  Ores,  22. 

1-    Preparation  of  Ores  for  the  Process  of  Reduction 25 

Crushing  Zinc  Ores,  26  ;  (a)  Burning  or  Calcining  of  Calamine, 
26 ;  Burning  Calamine  in  Heaps  and  Stalls,  27  ;  Burning 
Calamine  in  Shaft  Furnaces,  27  ;  Burning  Calamine  in  Grate- 
fired  Shaft  Furnaces,  29  ;  Burning  Calamine  in  Reverberatory 
Furnaces,  33  ;  Independent  Reverberatory  Furnaces  :  Fixed 
Reverberatory  Furnaces,  34  ;  Fixed  Reverberatory  Furnaces 
Worked  by  Hand,  34  ;  The  Ferraris  Furnace,  34  ;  Fixed  Revor- 


vi  CONTENTS 

beratory  Furnaces  Worked  Mechanically,  37 ;  Reverberatory 
Furnaces  with  Movable  Hearths,  38 ;  Reverberatory  Furnaces 
with  Movable  Chambers,  38 ;  The  Furnace  at  Mal6dano, 
38  ;  Rev  erberatory  Furnaces  Heated  by  the  Waste  Heat  of 
Zinc  Reduction  Furnaces,  39  ;  (b)  Calcination  of  Zinc  Blende, 
42 ;  The  Process  of  Calcination,  48  ;  Calcination  in  Heaps 
and  Stalls,  49  ;  Calcination  in  Shaft  Furnaces,  49 ;  Calcina- 
tion of  Lump  Blende  in  Shaft  Furnaces,  50 ;  Calcination  of 
Crushed  Blende  in  Shaft  Furnaces,  51  ;  Calcination  in  Rever- 
beratory Furnaces,  52 ;  Calcination  in  Fixed  Reverberatory 
Furnaces,  53  ;  Calcination  in  Fixed  Reverl)eratories  Worked  by 
Hand,  53 ;  Independent  Reverberatory  Furnaces  Worked  by 
Hand,  53 ;  Reverberatory  Furnaces  heated  by  the  Waste  Heat 
of  Zinc  Reduction  Furnaces  and  Worked  by  Hand,  58  ;  Calcina- 
tion in  Fixed  Reverberatory  Furnaces  Worked  by  Machinery,  58  ; 
The  Furnace  of  Ross  and  Welter,  59  ;  The  Pearce  Furnace,  60  ; 
The  Horseshoe  Furnace  of  Brown,  62 ;  The  Elliptical  Horse- 
shoe Furnace,  65 ;  The  Cappeau  Furnace,  65  ;  Calcination  in 
Reverberatory  Furnaces  with  Movable  Hearths,  66  ;  Calcination 
in  Reverberatory  Furnaces  with  Movable  Working  Chambers,  69. 

The  Neutralisation  of  the  Acids  of  Sulphur  Evolved  by  Calcination  in 

Reverberatory  Furnaces 

Calcination  in  Combined  Reverberatory  and  Muffle  Furnaces,  76  ; 
The  Hasenclever-Helbig  Furnace,  77  ;  Calcination  in  Muffle 
Furnaces,  80  ;  with  Hand  Rabbling,  81 ;  Furnace  of  Liebig  and 
Eichhorn,  81 ;  The  Hasenclever  Furnace,  84 ;  Calcination  in 
Fixed  Muffle  Furnaces  with  Machine  Rabbling,  88  ;  The  Haas 
Furnace,  88 ;  Furnace  of  Hegeler  and  Matthiessen,  90 ;  Fur- 
nace of  the  Rhenania  Chemical  Works,  91  ;  The  Folding 
Furnace,  91  ;  Calcination  in  Furnaces  with  Movable 
Chambers,  93. 


PAGi 


Utilisation  of  the  Products  of  Calcination 


2.  The  Process  of  Reduction,  or  the  Extraction  of  Zinc  from  the  Calcined 

Ores 

The  Charge  for  the  Process  of  Reduction,  111. 

Vessels  in  which  the  Process  of  Reduction  is  Performed  .... 
Material  for  the  Preparation  of  Retorts,  115 ;  The  Condensers, 
119  ;  Tubes  of  the  Belgian  Furnace,  120  ;  Muffles  of  the  Silesian 
Furnace,  120  ;  Belgo-Silesian  Furnaces,  121  ;  English  Furnaces, 
124  ;  Carinthian  Furnaces,  126  ;  Furnaces  of  Binon  and*  Grand- 
fils,  127  ;  of  Griitzner  and  Kohler,  128  ;  of  Choate,  128  ;  of 
Francisci,  128. 

General  Considerations  respecting  the  Process  of  Reduction 

Comparison  of  the  Process  of  Distillation  in  Retorts  and  Muffles 


CONTENTS  vii 

PAOK 

T.   The  Belgian  Method  of  Zinc  Distillation 133 

Retorts,  133 ;  Dorr's  Moulding  Machine,  136  ;  Adapters,  139  ; 
Steger's  Adapters,  140 ;  Furnaces,  141  ;  1.  Furnaces  Fired  by 
Grates,  142 ;  Single  Furnaces,  143  ;  The  Li^e  Furnace,  143 ; 
The  Morriston  Works  Furnace,  145  ;  The  Belgo-Cornwall  Fur- 
nace, 147  ;  Double  Furnaces,  147  ;  Furnace  o^  Prayon,  147  ;  2. 
Furnaces  Fired  by  both  Grates  and  Gas,  149  ;  The  Hauzeur 
Furnace,  149  ;  3.  Gas-fired  Furnaces,  150  ;  Gas-fired  Furnaces 
without  Regenerators,  151 ;  The  Loiseau  Furnace,  161 ;  Furnaces 
of  Matthiessen  and  Hegeler,  151  ;  of  Thum,  164  ;  of  Schneider, 
165  ;  of  Holstein,  155  ;  Gas-fired  Furnaces  with  Regenerators, 
156 ;  Furnaces  of  Neurenthen,  157  ;  of  Ferraris,  157  ;  of  Con- 
yers  and  Saulles,  158  ;  Furnaces  Fired  with  Natural  Gas,  159 ; 
The  Tola  Furnace,  160  ;  Mixing  the  Charge,  163 ;  The  Process 
of  Distillation,  164  ;  Examples  of  Zinc  Extraction  in  Retort 
Furnaces,  165. 

I  (.  Zinc  Distillation  in  Muffles,  or  Silesian  Process 169 

Muffles,  169 ;  Condensers  or  Adapters,  172 ;  Furnaces  for  Dis- 
tillation, 182  ;  Old  Silesian  Furnaces,  182  ;  New  Silesian  Fur- 
naces, 184  ;  New  Silesian  Furnaces  Fired  by  Grates,  185  ;  New 
Silesian  Furnaces  Fired  by  Gas,  187  ;  Gas  Furnaces  without 
Regenerators,  188  ;  Gas  Furnaces  with  Regenerators,  191 ;  The 
Chaige,  196  ;  Process  of  Distillation,  196. 

l!k^onooiic  Results  and  Examples  of  Zinc  Extraction  in  Muffles   .       .       .      198 

i  >lder  Furnaces  Fired  Direct 198 

Old  Silesian  Muffle  Furnaces,  198  ;  New  Silesian  Furnaces  Fired 
by  Grates,  199  ;  Furnaces  Fired  with  Gas,  199 ;  Furnaces  with 
Regenerators,  201 ;  Distillation  in  Belgo-Silesian  Furnaces,  202  ; 
The  Distillation  Furnace,  203  ;  Examples  of  Zinc  Extraction  in 
Belgo-Silesian  Furnaces,  207  ;  Losses  of  Zinc  in  Treating  Zinc 
Ores  in  Retorts  and  Muffles,  209  ;  Data  for  Calculating  the  Cost 
of  the  Distillation  of  Zinc,  212. 

Extraction  of  Zinc  from  Furnace  Products 213 

The  Montefiore  Furnace,  215 ;  Products  of  the  Reduction 
Process,  219 ;  Refining  of  Zinc,  222. 

Experiments  and  Proposals  for  the  Improvement  of  the  Dry  Method  of 

Zinc  Extraction ....      230 

Extraction  of  Zinc  in  Shaft  Furnaces,  230 ;  Hempel's  Experi- 
ments, 231  ;  Extraction  of  Zinc  under  Pressure,  235  ;  Production 
of  Zinc  Oxide  in  Shaft  Furnaces,  236  ;  The  Harmet  Furnace,  236  ; 
Biewend  8  Process,  237  ;  The  Schmieder  Furnace,  238  ;  The  Ex- 
traction of  Zinc  in  Reverberatory  Furnaces,  239  ;  Brackelsberg's 
Process,  240  ;  Glaser's  Process,  240  ;  Process  of  Roux  and  Desma- 
2sure8,  240  ;  Proposals  for  the  Improvement  of  the  Condensation  of 
Zinc  Vapours  when  the  Distillation  Process  is  carried  on   in 


viii  CONTENTS 

PAOC 

Vessels,  241  ;  Proposals  of  Lyneii,  241  ;  of  Biewend  and  Grillo, 
243 ;  Proposals  for  Improving  the  Material  and  Shape  of 
the  Vessels,  243  ;  Rotating  Muffle  Furnace  of  Richter  and 
Lorenz,  243  ;  Steger's  Furnace,  243  ;  Landsberg's  Retorts,  245  ; 
Hering's  Muffles,  245  ;  Sad  tier's  Retorts,  245 ;  Proposals  for 
the  Extractiofl  of  Zinc  from  Blende  without  Sweet-roasting  of 
the  Ores,  245  ;  Proposals  of  Biewend,  245  ;  of  Grillo  and  Liebig, 
246  ;  of  Landsberg,  246  ;  Proposals  to  obtain  Carborundum  and 
Ferro-silicon  along  with  Zinc,  246  ;  The  Production  of  Zinc  by 
Electro-thermal  Methods,  246. 

The  Extraction  of  Zinc  by  the  Combined  Wet  and  Dry  Methods        .  24$ 

Proposals  of  Pamell,  248  ;  of  Hopfner,  249 ;  of  Stahl,  250 ;  of 
the  Langelsheim  Works,  251. 

The  Electrolytic  Extraction  of  Zinc .        .      251 

The  Electrolytic  Extraction  of  Zinc  in  the  Wet  W^ay,  251 ; 
Experiments  of  Kiliani,  253 ;  of  Nahnsen,  254  ;  of  Mylius  and 
Fromm,  255  ;  of  Forster  and  Giinther,  257  ;  of  Siemens  and 
Halske,  259 ;  of  Pertsch,  262,  of  Lindemann,  263  ;  1.  The 
Extraction  of  Zinc  from  Ores,  263  ;  («)  The  Extraction  of  Zinc 
from  Zinc  Ores  Proper,  265  ;  Experiments  of  Letrange,  266  ;  of 
Nahnsen,  269  ;  Proposals  of  Lindemann,  269  ;  of  Siemens  and 
Halske,  269 ;  of  Coehn,  270 ;  of  Cassel  and  Kjellin,  270  ;  of 
Choate,  271 ;  of  Currie,  272  ;  of  Hopfner,  272  ;  of  Heinzerling, 
272  ;  of  Bhw  and  Miest,  272  ;  of  Kosmann  and  Lange,  273  ; 
Extraction  of  Zinc  from  Solutions  of  Zinc  Sulphite,  273  ;  The 
Extraction  of  Zinc  from  Solutions  in  Organic  Acids,  273  ;  The 
Extraction  of  Zinc  from  Alkaline  Solutions,  273  ;  Proposals  of 
Kiliani,  273  ;  of  Hopfner,  274  ;  of  Squire  and  Currie,  275 ;  of 
Burghardt,  275  ;  of  Strzoda,  275  ;  (b)  The  Extraction  of  Zinc 
from  Ores  in  which  it  is  a  Subsidiary  Constituent,  276  ;  From 
Pyritic  Residues,  276 ;  Hopfner's  Process,  277  ;  Extraction  of 
Zinc  from  Zinc-  and  Silver-bearing  Lead  Ores,  278  ;  Process  of 
Ashcroft,  279  ;  of  Siemens  and  Halske,  280  ;  of  Cowper-Coles, 
280  ;  of  Mohr,  281  ;  of  Hopfner,  281  ;  2.  The  Electrolytic  Ex- 
traction of  Zinc  from  Alloys,  281. 

The  Electrolytic  Extraction  of  Zinc  in  the  Dry  Way 286 

Proposals  of  Borchers,  287 ;  of  Swinburne  and  Ashcroft, 
289 ;  of  Lorenz,  288 ;  of  Dorsemagen,  290  ;  The  Production 
of  Zinc  from  Intimate  Mixtures  of  Sulphides  of  Lead,  Zinc, 
and  Silver,  291  ;  Process  of  Fry,  291  ;  of  Ellershausen, 
292  ;  of  Ganelin,  293  ;  of  Clancy-Marsland,  294  ;  of  Neuen- 
dorf, 294 ;  of  Davis,  294  ;  of  Twyman,  295 ;  of  Ferraris, 
295 ;  of  de  Bechi,  295  ;  Treatment  of  Ores  contain- 
ing Zinc  for  the  Production  of  Merchantable  Zinc  Com- 
pounds, 296  ;  Production  of  Zinc  White,  297  ;  The  Wetherill 
Furnace,  298  ;  Preparation  of  Mixtures  of  Oxide  of  Zinc,  Sul- 


CONTENTS  ix 

PAGE 

phate  of  Lead  and  Oxide  of  Lead,  307 ;  The  Joplin  Furnace, 
308  ;  The  Bartlett  Process,  309;  The  Production  of  Zinc  ViUiol, 
313 ;  The  Treatment  of  Zinc  Blende  containing  Barytes,  316. 

CADMIUM. 
Physical  Properties 317 

The  Chemical  Pro^^erties  of  Cadmium  and  of  its  Compounds  that  are  of 

Importance  in  its  Extraction 318 

Sources  of  Cadmium 319 

The  Extraction  of  Cadmium 321 

Extraction  in  the  Dry  Way,  322 ;  in  Upper  Silesia,  322  ;  at  Engis 
in  Belgium,  325  ;  Extraction  of  Cadmium  in  the  Wet  Way,  326 ; 
Extraction  of  Cadmium  by  Electrolytic  Methods,  328. 

MERCURY 

Physical  Properties        .  .  329 

Chemical  Properties  of   Mercury  and  of  its  Compounds,   which  are  of 

Importance  for  the  Extraction  of  the  Metal 330 

Mercuric  Oxide,  330 ;  Mercuric  Chloride,  331 ;  Mercurous 
Chloride,  331  ;  Mercuric  Sulphide,  331 ;  Alloys  of  Mercury,  3H3. 

Oes  of  Mercury :i33 

Native  Mercury,  333  ;  Cinnabar  or  Cinnabarite,  334  ;  Mercurial 
Furnace  Products,  338. 

Extraction  of  Mercury 3;^ 

Extraction  of  Mercury  from  Ores 1338 

The  Extraction  of  Mercury  in  the  Dry  Way,  339. 

Extraction  of  Mercury  by  Heating  Cinnabar  in  the  Air        .  .      1340 

Condensing  Appliances,  346 ;  The  Extraction  of  Mercury  in 
Exteiiially  Fired  Furnaces,  346  ;  Extraction  of  Mercury  in  Ex- 
ternally Fired  Shaft  Furnaces,  347  ;  Extraction  of  Mercury  in 
Shaft  Furnaces  Working  Intermittently,  347  ;  Furnaces  Fired 
Internally,  347  ;  The  Bustamente  Furnace  or  Aludel  Furnace, 
:348  ;  The  Idrian  Furnace,  352  ;  Externally  Fired  Furnaces,  356  ; 
Californian  Furnaces,  356  ;  The  Extractiosi  of  Mercury  in  Shaft 
Furnaces  Fired  Continuously,  357. 

Furnaces  for  Lump  Ores 368 

Exeli  Furnace,  358  ;  The  Langer  Furnace,  366  ;  The  Knox 
Furnace,  368. 

Furnaces  for  Ore  Fines 372 

Htittner  and  Scott  Furnaces,  372  ;  The  Granzita  Furnace,  372  ; 
The  Tierras  Furnaces,  384 ;  The  Livennore  Furnace,  386  ;  The 
Czermak  Furnace  (Schuttofen),  388  ;  The  Czermak-Spirek 
Furnace,  393  ;  The  Extraction  of  Mercury  in  Reverberatory 
Furnaces,  399  ;   The  Alberti  Furnace,  400  ;    Iron-clad  Rever- 


X  CONTENTS 

beratory    Furnaces,    401  ;    Extraction   of    Mercury    in    Shaft 

Furnaces  Proper,  407  ;  The  Hahner  Furnace,  407  ;  The  Novak 

Furnace,  410  ;  The  Spirek  Furnace,  414. 

The  Extraction  of  Mercury  in  Retort  Furnaces 41."' 

The  Extraction  of  Mercury  by  Heating  Cinnabar  with  Lime  or  Iron  in  the 

Absence  of  Air 4M 

The  Products  of  Mercury  Extraction 4'J:i 

Soot,  »423  ;  The  Treatment  of  Soot,  426  ;  Exeli's  Soot  Press, 
426  ;  The  Press  of  Lukasiewicz,  428  ;  The  General  Arrangements 
of  a  Mercury  Works,  431  ;  Idria^  434  ;  Nikitowka,  Russia,  436. 

The  Extraction  of  Mercury  from  Mercurial  Fahlores 4.*Vi 

Stephanshutte,  436  ;  Kotterbach,  437. 

Extraction  of  Mercury  from  Metallurgical  Products 4^i^ 

From  Soot,  438 ;  From  Flue  Dust  obtained  in  the  Roasting  of 
Blende  containing  Mercury,  438  ;  From  the  Gases  Evolved  on 
Calcining  Spathic  Iron  Ore  containing  Mercurial  Fahlore,  438. 

The  Extraction  of  Mercury  in  the  Wet  Way 4:5' 

The  Electrolytic  Extraction  of  Mercury,  440 ;  Proposal  of 
Siemens,  440. 

The  Manufacture  of  Artificial  Cinnabar 441 

BISMUTH 

Physical  Properties 444 

The  Chemical  Properties  of  Bismuth  and  its  Compounds  that  are  of 

Importance  in  its  Extraction 44r> 

Oxides  of  Bismuth,  445  ;  Chlorides  of  Bismuth,  446  ;  Oxy-Salt« 
of  Bismuth,  447 ;  Sulphides  of  Bismuth,  447 ;  Alloys  of 
Bismuth,  448  ;  Ores  of  Bismuth,  449  ;  Furnace  Products  con- 
taining Bismuth,  450. 

Extraction  of  Bismuth 4o<> 

Extraction  of  Bismuth  in  the  Dry  Way 45*' 

I.  The  Extraction  of  Bismuth  in  the  Dry  Way  from  Ores    .  .        .451 

a.  The  Extraction  of  Bismuth  from  Ores  containing  the  Native 
Metal,  451 ;  The  Extraction  of  Bismuth  by  Liquation,  462  ; 
The  Extraction  of  Bismuth  by  Processes  of  Fusion,  454  ;  6.  The 
Extraction  of  Bismuth  from  Bismuth  Glance,  455 ;  c.  The 
Extraction  of  Bismuth  from  Ores  which  contain  it  in  the  form 
of  Oxide,  457. 

II.  Extraction  of  Bismuth  in  the  Dry  Way  from  Metallurgical  Product-s  .      4<> 

a.  The  Extraction  of  Bismuth  from  Mattes,  458  ;  6.  The  Extrac- 
tion of  Bismuth  from  Alloys,  458. 

Extraction  of  Bismuth  l>y  the  Wet  Way 4.")'.^ 

Extraction  of  Bismuth  in  the  Wet  W^ay  from  Ores,  460  ;  Extrac- 
tion of  Bismuth  in  the  Wet  Way  from  Furnace  Products,  461. 


CONTENTS  xi 

PAGE 

Extraction  of  Bismuth  from  Lead-Bifimuth  Alloys  by  the  Electrolytic 

Method 463 

Refining  of  Bismuth 467 

Purificatiou  of  Bismuth  in  the  Dry  Way,  468 ;  Purification  of 
Bismuth  in  the  Wet  Way,  470. 

TIN 

Physical  Properties  .        . 473 

The  Chemical  Properties  of  Tin  and  its  Compounds,  which  are  of  Import- 
ance in  its  Extraction                       475 

Oxygen  Compounds  of  Tin 475 

Stannous  Qxide,  47.5  ;  Stannic  Anhydride,  476  ;  Stannic  Acid, 
476. 

Chlorides  of  Tin 476 

Stannous  Chloride,  476  ;  Stannic  Chloride,  476. 

Oxy-saltsof  Tin •..'.. 477 

Sulphides  of  Tin                                                              477 

Alloys  of  Tin • 477 

Tin  Ores 478 

The  Extraction  of  Tin  from  the  Ore 480 

I.    The  Extraction  of  Tin  in  the  Dry  Way 480 

A.  The  Extraction  from  Tinstone 480 

1.  The  Purification  of  Tinstone  from  Injurious  Impurities  481 

The  Roasting  of  Tin  Ore,  483 ;  Furnaces  with  Fixed  Roasting 
Chambers,  484  ;  Furnaces  with  Partly  Movable  Roasting  Cham- 
bers, 486  ;  Furnaces  with  Movable  Roasting  Chamber,  488  ; 
Treatment  of  the  Roasted  Ore,  490  ;  Removal  of  Tungsten  from 
the  Roasted  Ore,  490. 

2.  The  Reduction  of  Tin  Ore 492 

a.  The  Reduction  of  Tin  Ore  in  Shaft  Furnaces,  493  ;  Examples 
of  Shaft  Furnace  Practice,  502. 

The  Extraction  of  Tin  from  the  Intermediate  Products  and  Drosses  ob- 
tained in  the  Treatment  of  Tin  Ore       506 

6.  The  reduction  of  Tin  Ore  in  Reverberatory  Furnaces,  508 : 
The  Treatment  of  Intermediate  Products  and  Dross  obtained  by 
the  Reduction  of  Tinstone  in  Reverberatory  Furnaces,  522. 

B.  The  Refining  of  Tin 525 

a.  The  Liquation  of  Tin  (Pauschen),  525  ;  b.  The  Refining  of  Tin 
by  the  English  Method,  528 ;  c.  Purification  of  Tin  by  Filtration, 
533 ;  The  Methods  of  Working  up  Refinery  Dross,  534, 

C.  The  Extraction  of  Tin  from  Skimmings  and  other  bye-Products    .  535 

Dross,  635 ;  Tin  Cuttings,  539. 


xii  CONTENTS 

II.  The  Extraction  of  Tin  in  the  Wet  Way :>4^t 

The  Extraction  from  Tin-plate  Cuttings,  540 ;  The  Purification 
of  Tin  in  the  Wet  Way,  543. 

III.  The  Extraction  of  Tin  by  Electrolytic  Methods :>4:J 

The  Refining  of  Tin  by  Electro-Metallurgical  Methods,  549. 

ANTIMONY 
Physical  Properties 551 

Properties  of  Antimony  and  of  its  Compounds  which  are  of  Importance 

for  its  Extraction .Vi* 

Antimony  Hydride,  553. 

Oxides  of  Antimony .VCJ 

Antimony  Trioxide,  or  Antimonious  Oxide,  553  ;  Antimony  Te- 
troxide  or  Antimonic  Antimoniate,  553  ;  Antimony  Pentoxide  or 
Antimonic  Anhydride,  554. 

Chlorides  of  Antimony »V4 

Sulphides  of  Antimony r».>> 

Oxy-salts  of  Antimony b^* 

Alloys  of  Antimony 557 

Antimony  Ores 5o7 

Antimony-Glance,  557  ;  Native  Antimony,  558 ;  Oxide  of  Anti- 
mony, 558. 

The  Extraction  of  Antimony 559 

I.  The  Extraction  of  Antimony  in  the  Dry  Way 559 

A.  The  Treatment  of  Antimony-Glance  for  the  Production  of  Crude 

Antimony     .        .  560 

1.  Liquation  in  Closed  Furnaces 561 

a.  Liquation  in  Pots,  561  ;  b.  Liquation  in  Tube  Furnaces,  563. 

2.  Liquation  in  Reverberatory  Furnaces 565 

Products  of  Liquation,  565. 

B.  The  Treatment  of  Antimony-Glance  and  other  Antimony  Ores  for 

the  Extraction  of  Metallic  Antimony 5*U.i 

1.  The  Roasting  and  Reduction  Process 5»>7 

a.  The  Roa.sting  of  Antimony-Glance,  567  ;  The  Execution  of  the 
Ordinary  Roasting,  569  ;  Volatilising  Roasting,  571 ;  h.  The  Re- 
duction Process,  572  ;  Reduction  in  Reverberatory  Furnaces,  573  ; 
Reduction  in  Shaft  Furnaces,  576 ;  Reduction  in  Pot  Furnaces, 
578. 

2.  The  Precipitation  Method  of  Reduction 57"^ 

Products  of  the  Extraction  of  Antimony,  582. 
The  Extraction  of  Antimony  from  Metallurgical  bye-Products  which 

contain  Antimony 5ts> 


CONTENTS  xiii 


PARE 


€.  The  Refining  of  Antimony 5a3 

1.  Refining  in  Pot  Furnaces 584 

2.  Refining  in  Reverberatoiy  Fumnces 585 

The  Products  of  Refining,  689. 

II.  Proposals  for  the  Extraction  of  Antimony  by  Wet  Methods  589 

II.  Methods  Proposed  for  Extracting  Antimony  Mectrolytically  591 

V 

ARSENIC 

Physical  Properties 598 

'he  Chemical   Properties  of   Arsenic  and  its  Compounds  that   are  of 

Importance  in  its  Extraction 599 

Oxygen  Compounds  of  Arsenic 599 

Aisenious  Oxide,  599  ;  Arsenic  Oxide  or  Arsenic  Anhydride,  600. 

Sulphides  of  Arsenic 601 

Hydrides  of  Arsenic 601 

Chloride  of  Arsenic 602 

Combinations  of  Arsenic  with  Metals  602 

Ores  of  Arsenic 602 

Native  Arsenic,  602  ;  Mispickel,  602  ;  Arsenide  of  Iron,  603. 
The  Metallurgical  Extraction  of  Arsenic  and  its  Compounds    .       .  603 

I.  The  Extraction  of  Arsenical  Compounds  from  Ores  and  Metallurgical 

Products 604 

1.  The  Extraction  of  Arsenic 604 

a.  Extraction  by  the  Dry  Method,  604 ;  b.  The  Electro- 
Metallurgical  Extraction  of  Arsenic,  607. 

2.  The  Manufacture  of  Arsenious  Oxide 608 

a.  The  Manufacture  of  Crude  Arsenious  Oxide,  608  ;  6.  The  Re- 
fining of  the  Crude  Arsenious  Oxide,  616  ;  c.  The  Production  of 
White  Arsenic  Glass,  617. 

•^.  The  Production  of  Red  Arsenic  Glass  or  Realgar 620 

a.   The  Production  of    **RohgIas,"  621;    b.    The  Refining  of 
"Rohgla8,"622. 

4.  The  Production  of  Orpiment 622 

II.  The  Extraction  of  Arsenical  Products  from  the  Residue.s  from  the 

Manufacture  of  Coal-Tar  Colours 624 

Methods  of  Winkler,  Rando,  Bolley,  624 ;  of  Stopp,  625. 

NICKEL 

Physical  Properties 626 

Chemical  Properties 629 


xiv  CONTENTS 

Chemical  Reactions  of  Nickel  Compounds  which  are  of  Importance  in  its 

Metallurgy ♦J^ 

Oxides «-*^ 

Nickelous  Oxide,  629 ;  Nickelous  Hydrate,  630  ;  Nickelic  Oxide, 
630 

Nickel  Monosulphide <v*) 

Nickel  and  Arsenic <i^^J 

Nickel  Sulphate 6:i3 

Chloride  of  Nickel 6:^ 

Silicates  of  Nickel <v% 

Nickel  Carbonyl 63i'» 

Alloys  of  Nickel 637 

Ores  of  Nickel t^^ 

Metallurgical  Products  used  as  a  Source  of  the  Metal 641 

The  Extraction  of  Nickel 642 

I.  Extraction  of  Nickel  in  the  Dry  Way 64:^ 

A.  Extraction  from  Ores 643 

1.  Extraction  of  Nickel  from  Sulphur  Compounds 64.) 

a.  The  Conversion  of  the  Ore  into  Coarse  Matte ♦>47 

Roasting  the  Ore 647 

Roasting  in  Heaps,  651 ;  Roasting  in  Stalls,  652 ;  Roasting  in 
Shaft  Furnaces,  652. 

Smelting  of  the  Roasted  Ore  to  produce  Coarse  Nickel  Matte  OTvi 

Examples  of  the  Smelting  of  Roasted  Ore  into  Matte        .        .        .        .  6(il 

6.  The  Removal  of  Iron  from  the  Coarse  Matte,  or  its  Refining  .  664 

a.  Concentration  of  Poor  Matte Ij64 

Roasting  the  Coarse  Matte,  665 ;  Smelting  Roasted  Matte  in 
Reverberatory  Furnaces,  670. 

6.  The  Refining  of  the  Coarse  Matte  or  the  Concentrated  Matte    .  671 
Refining  of   Matte    in   Hearths,    672 ;    Refining  of  Matte  in 
Reverberatory  Furnaces,  675  ;  Refining  of  Matte  in  Converters, 
676. 

c.  The   Conversion  of  Nickel  Matte   into  Crude  Nickel,  679  ;  Dead 

Roasting  of  the  Matte,  679 ;  The  Reduction  of  Nickel  Oxide  to 
Nickel,  679. 

d.  The  Conversion  of  Refined  Nickel  Matte  into  Raw  Nickel,  681  ; 

The   Orford   Process,    682;   The   Mond    Prosess,    684;   Other 
Methods  for  the  Treatment  of  Refined  Nickel-Copper  Matte,  690. 

e.  The  Conversion  of  Nickel-Copper  Matte  into  Copper-Nickel  Alloys  .      6PJ 

Roasting  the  Matte m 

Reduction  of  Completely   Roasted   Nickel-Copper  Matte  to  Copper- 
Nickel  Alloys fiVC> 


CONTENTS  XV 

PAOK 

2.  Extraction  of  Nickel  from  the  Silictite  (Garaierite)       ....  695 

:1  Extraction  of  Nickel  from  Arsenical  Ores 699 

.f.  Conversion  of  Ore  into  Coarse  Speiss 701 

a.  Roasting  the  Ores,  701  ;  /3.  The  Smelting  of  the  Nickel  Ore 
into  Coarse  Speiss,  704. 

h.   Conversion  of  Coarse  Speiss  into  Refined  Nickel  Speiss  706 

c.  Conversion  of  Refined  Speiss  into  Raw  Nickel 711 

a.  The  Dead  Roasting  of  Refined  Nickel  Speiss,  711  ;  fi.  Reduc- 
tion of  Dead  Roasted  Speiss  to  Crude  Nickel,  713. 

B.     Extraction  of  Nickel  from  Metallurgical  Products 714 

II.  Extraction  of  Nickel  in  the  Wet  Way 716 

A.  Elxtraction  of  Nickel  direct  from  the  Ores 717 

B,  Extraction  of  Nickel  from  Metallurgical  Products       ....  723 

1.  Extraction  of  Nickel  from  Matte 723 

2.  Extraction  of  Nickel  from  Speiss 729 

3.  Extraction  of  Nickel  from  Slags 730 

III.  Extraction  of  Nickel  by  Electrolysis 731 

IV.  Refining  of  Coarse  Nickel 748 

COBALT 

Physical  Properties 753 

The  Chemical  Properties  of  Cobalt  and  of  its  more  important  Compounds  .  753 

Oxides 753 

Cobaltous  Sulphide 754 

Cobaltous  Sulphate 754 

Cobalt  Ores 754 

Metalluigical  Products  containing  Cobalt  which  are  used  as  sources  of 

Snudt  and  Cobalt  Matte 755 

The  Extraction  of  Cobalt  and  Cobalt  Compounds 755 

1.  The  Extraction  of  Cobalt  Oxide  and  Metallic  Cobalt         ....  766 

A-  The  Extraction  of  Cobalt  Oxide .  766 

B.  The  Extraction  of  Metallic  Cobalt 766 

2.  The  Production  of  Smalt 765 

3.  The  Manufacture  of  Special  Cobalt  Compounds 769 

PLATINUM 

Physical  Properties 

Chemical  Reactions  of  Platinum  and  of  its  Compounds  that  are  of  Import- 
ance in  its  Extraction 772 

Ores  of  Platinum 773 


xvi  CONTENTS 


PA'  I 


The  Extraction  of  Platinum 77»i 

Extraction  of  Platinum  in  the  Dry  Way 7?.* 

Extraction  of  Platinum  by  Wet  Methods .782 

Extraction  of  Platinum  by  an  Electro- MetaUurgical  Method        .  .787 

ALUMINIUM 
Physical  Properties  7^ 

Chemical  Properties  of  Aluminium  and  of  its  Compounds  which  are  Import- 
ant in  its  Extraction 7t*j 

Aluminium  Oxide  :  Alumina 7t<2 

Aluminium  Chloride 7K} 

Aluminium  Sulphide 7m:^ 

Aluminium  Carbide    .        .        .        .  ' 794 

Aluminium  Silicide 794 

Alloys  of  Aluminium 71»4 

Material  for  the  Extraction  of  Aluminium 791; 

The  Extraction  of  Aluminium 7tii< 

1.  Extraction  of  Aluminium  in  the  Dry  Way 7tiH 

A.  The  Extraction     of    Aluminium  by  Precipitation    of   the    Metal 

with  Magnesium  or  Sodium  from  its  Fused  Halide        .       .        .      79^ 

Deville's  Process,    799;   The  Process  of  Deville  and  Castner, 

802  ;  Netto's  Process,  804 ;  Grabau's  Process,  805.  j 

B.  The  Extraction  of  Aluminium  by  Reduction  of  Alumina 

2.  The  Electro- Metallurgical  Production  of  Aluminium    . 

A.  The  Production  of  Aluminium  by  Electrolysis  of  Alumina 

Bayer's  Process  for  Preparation  of  Alumina  from  Bauxite    . 

B.  Preparation  of  Aluminium  by  Electrolysis  of  Aluminium  Fluoride 

C.  Preparation  of  Aluminium  by  Electrolysis  of  Aluminium  Sulphide 

3.  Preparation  of  Aluminium  Alloys      ....... 

The  Cowles  Brothers'  Process,  837  ;  Heroult's  Process,  840. 


8?» 


Geo<:;raphical  Index 843 

General  Index 852 


I  UN/VERsiry  T 


METALLUKGY 

ZINC 
Physical  Properties 

Zinc  possesses  a  white  colour  with  a  bluish  grey  tinge,  and 
a  high  lustre  on  the  freshly  fractured  surface.  It  crystallises  in  the 
cubical  system.  The  nature  of  the  fracture  depends  upon  the 
temperature  at  which  the  metal  is  poured,  and  is  independent  of 
the  subsequent  rate  of  cooling;  it  is  coarsely  lamellar  when  the 
fluid  metal  is  heated  to  redness  before  pouring,  but  fine  grained 
when  it  is  cast  at  its  melting  point.  When  heated  to  160°  C.  and 
bent,  it  gives  out  a  "  cry  "  like  tin,  but  feebler. 

The  specific  gravity  of  unrolled  zinc  is  6*861  according  to  Brisson, 
69 154  according  to  Earsten,  7149  according  to  Matthiessen.  Zinc 
cast  at  its  melting  point  and  slowly  cooled  has  a  specific  gravity  of 
7  145  according  to  BoUey,  and  of  7'128  according  to  Rammelsberg; 
whilst  when  cast  at  a  red  heat  and  cooled  slowly,  it  is  71 20 
according  to  the  former,  and  7  101  according  to  the  latter  observer ; 
if  cast  at  its  melting  point  and  cooled  rapidly,  it  has,  according  to  the 
former,  a  specific  gravity  of  71 58,  and,  accoixling  to  the  latter,  of 
7*147;  whilst  the  respective  results  obtained  from  zinc,  poured  at  a 
red  heat  and  cooled  rapidly,  are  7*109  and  7037,^  Its  specific  gravity 
is  raised  from  7*2  to  7*3  by  rolling. 

At  the  ordinary  temperature,  zinc  is  so  brittle  that  ingots  and 
slabs  are  readily  broken ;  between  100**  and  150°  C.  it  becomes  so 
malleable  that  it  can  be  rolled  into  thin  sheets  and  drawn  into 
wire;  at  205°  C.  it  again  becomes  so  brittle  that  it  can  be  pounded 
into  powder.  When  cast  at  a  temperature  near  to  its  melting  point, 
tine  is  more  extensible  than  when  cast  at  a  higher  temperature.  In 
^  Stolzell,  MetcUlurgie,  Brunswlok,  1874,  p.  752. 
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hardness,  zinc  lies  between  copper  and  tin,  or  more  accurately  between 
silver  and  platinum. 

According  to  Earmarsch  the  tenacity  of  cast  zinc  is  197*5  kilft?, 
and  that  of  sheets  and  wire  between  1315  and  1560  kilos,  per  squaiv 
centimetre  (2,809  lbs.,  18,703  lbs.  and  22,188  lbs.  per  square  inch 
respectively).  According  to  Wertheim  the  values  are  1*5  and  1250 
kilos,  respectively  for  cast  zinc  rod  and  for  drawn  wire  of  1  mm.  diameter. 

According  to  Regnault,  the  specific  heat  of  zinc  is  009555  for 
temperatures  between  0°  and  100°  C.  Other  investigators  give 
00927  between  0**  and  100°  C.  and  0101 5  between  100'  and 
300°  C. 

Zinc  expands  by  ^  J^  of  its  length  when  heated  from  0°  to  100'  C. 
According  to  Calvert  and  Johnson,  the  coefficient  of  linear  expansion 
of  hammered  zinc  is  0*002193. 

The  thermal  conductivity  of  zinc,  silver  being  taken  at  100,  is  1^ 
according  to  Wiedemann  and  Franz;  that  of  cast  zinc  is  between 
60*8  and  628,  and  that  of  rolled  zinc  641,  according  to  Calvert  and 
Johnson. 

The  electric  conductivity  of  zinc,  silver  being  taken  at  100,  is  2406 
according  to  Becquerell,  27'39  according  to  Matthiessen,  and  2990 
according  to  Weiller.^ 

The  melting  point  of  zinc  is  variously  given  at  412°  by  Daniel!. 
415°  by  Roberts- Austen,  419°  by  Haycock  and  Neville,  and  434'  by 
Person.  It  volatilises  at  bright  redness,  its  boiling  point  being  891  C 
according  to  Becquerell;  Deville  and  Troost  give  1040''  C,  Violk 
929-6°  C,  Roberts- Austen  940°  C,  Thum  1000°  C,  Komorek  1050°  C\ 
and  Berthelot  913—927°  C.  {Cmipt  mid.,  CXXXI.  vi.  380— 382i 
According  to  Barus  the  boiling  point  rises  by  1*5°  C.  for  every  in- 
crease in  pressure  of  one  centimetre  of  mercury  above  the  atmospheric 
pressure  (76  cm.).  Silver  (melting  about  954"  C.)  does  not  melt  in 
zinc  vapour.  Zinc  vapour  can  be  condensed  to  fluid  zinc  by  cooling: 
the  more  diluted  it  is  with  air,  the  more  difficult  is  this  vapour  to  con- 
dense. When  the  temperature  of  the  vapour  falls  below  the  melting 
point  of  zinc,  it  solidifies  in  the  form  of  powder,  forming  what  i> 
known  as  zinc  fume.  According  to  Lynen,^  the  zinc  vapour  pi"oducetl 
in  the  exti-action  of  zinc  from  its  ores  condenses  between  415"  and 
550°  C.  According  to  Hempel,^  zinc  vapour,  formed  by  the  reduction 
of  zinc  white  in  the  blast  furnace,  was  not  condensed  from  the  ga*-:? 
accompanying  it  until  the  temperature  had  fallen  below  470°. 

1  Joum,  Franklin  Inst.  April,  1892,  p.  263. 

'^  Zinc  distillation  furnace  icith  common  condensing  chamber^  London,  1893. 

>  Berg,  und  Hiittenm.  Ztg.  1893,  No.  41,  42. 


ZINC  S 

When  heated  in  the  air  to  500°  C.  (or  505°  C,  according  to  Daniell), 
sine  burns  with  bright  greenish  and  bluish  white  flame  to  zinc  oxide. 
[n  a  finely  divided  condition  it  is  sometimes  kindled  spontaneously 
by  rapid  oxidation. 

Commercial  zinc  is  generally  rendered  impure  by  the  presence  of 
lead,  cadmium  and  iron,  and  in  many  cases  also  of  small  quantities  of 
bin,  copper,  arsenic,  antimony,  silicon,  sulphur,  carbon  and  chlorine. 
rhe  presence  of  thallium,  indium  and  gallium  has  also  been  detected 
in  commercial  zinc. 

The  effect  of  the  impurities  contained  in  the  zinc  upon  the 
properties  of  the  latter  has  been  investigated  by  Karsten  *  and  by 
Eliot  and  Storer.^ 

IfCad  is  present  in  most  varieties  of  commercial  zinc.  Karsten 
found  the  propoition  in  Silesian  zinc  to  vary  between  0*24  and  2*36 
per  cent.  Eliot  and  Storer  found  only  0*079  per  cent,  of  lead  in 
New  Jersey  zinc,  and  none  at  all  in  zinc  from  Pennsylvania  reduced 
from  the  silicate. 

The  amount  of  lead  that  zinc  can  take  up  varies  with  the 
temperature,  being  greater  the  higher  the  temperature.  According 
to  the  most  recent  researches  of  Roessler  and  Edelmann  on  this 
.subject,  zinc  takes  up  1*7  per  cent,  of  lead  at  its  melting  point 
and  5*6  per  cent,  at  650°  C.  Romanoff  and  Spring  state  that  zinc 
takes  up  25*5  and  7  per  cent,  of  lead  at  900°  and  650°  C.  respectively. 
If  more  lead  is  present  than  corresponds  to  the  temperature  of  the 
metal,  the  excess  separates  out  in  the  liquid  state. 

A  considerable  proportion  of  lead  makes  zinc  tender  ;  with  li  per 
cent,  of  lead,  it  can  still  be  rolled  without  cracking,  but  becomes 
softer  and  more  tender.  It  can  even  be  rolled  with  3  per  cent,  of  lead, 
but  shows  the  above  characteristics  more  markedly.  Before  zinc  is 
rolled,  lead  is  removed  from  it  as  completely  as  possible  by  remelting 
the  metal  and  allowing  it  to  settle.  Lead  in  quantity  has  a  bad 
effect  also  on  the  properties  of  brass. 

Cadmium  occurs  in  most  varieties  of  zinc,  because  this  metal  is 
present  in  most  zinc  ores.  As  cadmium  is  considerably  more 
volatile  than  zinc,  it  is  only  to  be  foimd  in  very  small  amounts  in 
commercial  zinc.  According  to  some  experiments  of  Mentzel  in 
1829,  at  the  Lydognia  Works  in  Upper  Silesia,  cadmium  would  seem 
to  diminish  the  softness  of  zinc  as  soon  as  it  is  present  in  certain 

*  Kanten's  Archiv,  1842,  vol.  xvi.  p.  697. 

^  *'  Oo  the  impurities  of  commercial  zinc  with  reference  to  the  residue  insoluble 
in  dilute  acid,  to  sulphur  and  to  arsenic.'*  Memoirs  Am.  Acad.  Arts  and  Sciences, 
new  series,  vol.  viii.  1860. 
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proportions.  .  In  the  small  amounts  in  which  it  exists  in  commercial 
zinc,  it  has  no  injurious  effects  upon  the  properties  of  the  latter. 

Iron  may  be  contained  in  zinc  to  the  extent  of  several  per  ct*rit. 
but  rarely  exceeds  0*2  per  cent.  The  highest  proportion  of  inm 
found  by  Karsten  was  0*24  per  cent,  and  by  Percy  ^  r4  per  cent, 
Eliot  and  Storer  found  0'21  per  cent,  of  iron  in  New  Jersey  zinc, 
and  0*05  to  0*07  per  cent,  in  sheet  zinc  from  Berlin.  Oudeman^ 
found  in  a  difficultly  fusible  substance  with  white,  lustrous,  hackh 
fracture,  which  collected  in  iron  kettles  in  which  zinc  had  been  kept 
molten  for  many  weeks,  4*6  per  cent,  of  iron.  Zinc  obtained  from  flue 
dust  (containing  22  per  cent,  of  zinc)  from  the  blast  furnaces  in 
Upper  Silesia  was  found  by  Karsten  to  contain  0*71  per  cent,  of  iron. 
The  hard  zinc  got  in  the  refining  of  zinc  contains  also  large  amount.^ 
of  iron.  In  small  quantities — up  to  0*2  per  cent,  according  u^ 
Karsten — iron  does  not  affect  the  properties  of  zinc;  in  larger 
proportion,  however,  it  renders  the  zinc  hard  and  unfit  for  rolling. 

Tin  has  been  found  by  Eliot  and  Storer  in  American  zinc  from 
New  Jersey  and  in  English  zinc  made  by  Vivian  and  Co.,  of  Swansea. 
A  sample  of  zinc  from  Freiberg  contained  0*07  per  cent,  of  tia 
According  to  Karsten,  1  per  cent,  of  tin  renders  zinc  brittle  at  thostj 
temperatures  at  which  it  would  otherwise  be  malleable. 

Copper  was  found  by  Eliot  and  Storer  in  New  Jersey  zinc.  Zinc 
from  Missouri  was  found  to  contain  00013  to  11123  per  cent,  of] 
copper,  and  00002  per  cent,  was  found  in  zinc  from  Upper 
Silesia.  Karsten  found  that  \  per  cent,  of  copper  makes  zinc  hartltii 
and  brittle — so  much  so  that  it  showed  ragged  edges  on  rolling,  and 
could  not  be  rolled  without  cracking. 

Arsenie  occurs  in  small  quantities  in  many  varieties  of  zinci 
Missouri  zinc  contained  0*0603  per  cent.  Considerable  quantities  t'^ 
arsenic  are  said  to  make  zinc  brittle,  and  antimony  has  a  similar 
action,  though  there  is  no  particular  information  on  this  point. 

Stclphur  could  not  be  detected  by  Karsten  in  any  of  the  numer»'n.s 
samples  of  zinc  examined  by  him.  On  the  other  hand,  Eliot  and 
Storer,  as  also  Alfred  Taylor,  found  small  amounts  of  sulphur  (up 
to  0*0741  per  cent.)  in  a  large  number  of  varieties  of  zinc.  Accordinjj 
to  Funk  2  the  sulphur  is  present  in  the  form  of  sublimed  zin| 
sulphide.  No  investigations  have  been  made  as  to  the  effect  *•! 
sulphur  on  the  properties  of  zinc ;  the  small  amounts  found  in  ziD« 
seem  not  to  aflf'ect  the  latter. 

Carbon  has  been  found  by  Funk  to  the  extent  of  0*1775  per  cent, 

*  Metallurgy.     First  DiiHinon,  1861,  p.  590.  j 

^  Ztit.  anorg,  Chem.  1896,  p.  49. 
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funk  regards  it  as  mechanically  mixed,  not  combined  with  the  zinc. 
Bodwell^  found  sulphate  of  lead,  carbon  and  a  trace  of  iron  in  the 
black  residue  that  remains  when  commercial  zinc  is  dissolved  in 
gulphnric  acid.  Such  a  small  proportion  of  carbon  seems  not  to  aifect 
the  zinc  in  the  least.  Nothing  is  known  as  to  its  action  in  larger 
quantities. 

Chtorine  has  been  detected  by  C.  Kttnzel  in  the  Belgian  zinc  that 
was  prepared  from  the  dross  of  galvanised  iron,  in  quantities  of  0*2 
to  0*3  per  cent. ;  this  zinc,  which  contained  only  traces  of  lead  and 

iron,  could  not  be  rolled. 

Silicon  has  been  found  in  Missouri  zinc  in  quantities  up  to  0*1374 

por  cent.     Its  influence  on  the  properties  of  the  metal  has  not  been 

investigated. 

Chemical  Properties 

Zinc  is  not  affected  in  dry  air  at  ordinary  temperatures ;  in  damp 
air  in  the  presence  of  carbon  dioxide,  it  becomes  coated  with  a  layer 
of  hydrated  basic  zinc  carbonate,  which  layer  is  sufficiently  dense  to 
pn  ►tect  the  metal  beneath  it  firom  any  further  atmospheric  action. 

The  massive  metal  is  not  attacked  at  ordinary  temperatures  by 
water  free  from  air,  but  in  the  presence  of  air  and  carbon  dioxide  it 
is  changed  into  the  above-named  basic  carbonate.  Pure  compact 
zinc  is  not  affected  by  cold  or  boiling  pure  water ;  commercial  zinc  is, 
however,  superficially  oxidised,  hydrogen  being  evolved.  The  film  of 
Mxide  thus  formed  shields  the  metal  from  the  further  action  of  water. 

When  zinc  is  heated  in  the  air,  it  takes  fire  at  a  temperature  ap- 
proaching redness  (at  505°  C.  according  to  Daniell),  and  bums  with  a 
luminous  greenish  and  bluish  white  flame  to  zinc  oxide,  which  in 
part  floats  as  an  incrustation  upon  the  surface  of  the  molten 
metal,  and  in  part  appears  as  a  snow-white  flocculent  body  (lana 
pkilosophica). 

Zinc  decomposes  water  at  a  red  heat,  and  is  transformed  into  zinc 
fjxide  with  the  evolution  of  hydrogen.  Zinc  in  a  very  fine  state  of 
division  exerts  a  very  feeble  decomposing  action  upon  water  even  at 
Didinaiy  temperatures;  this  action  is  favoured  by  the  presence  of 
icids  and  alkalies. 

Zinc  is  soluble  in  most  acids.  In  dilute  sulphuric  and  hydro- 
^^loric  acids  it  dissolves  with  the  evolution  of  hydrogen.  According 
^>  Bollej,  zinc  melted  at  a  low  temperature  dissolves  more  slowly 
'-  \v^  when  melted  at  a  red  heat. 

^  CAew.  Nem,  January,  1861.  No.  57 
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Chemically  pure  zinc  dissolves  readily  in  nitric  acid,  though  it  is 
but  slightly  attacked  by  other  acids,  weak  or  strong.  The 
cause  of  this  is,  according  to  Werren,^  that  the  metal  beconie> 
surrounded  by  a  film  of  hydrogen  the  moment  it  is  dipped  into  the 
acid;  on  boiling,  this  film  is  torn,  and  the  zinc  dissolves.  Zinc 
dissolves  readily  in  cold  nitric  acid,  because  the  latter  oxidises  the 
hydrogen  evolved.  The  solubility  of  zinc  in  sulphuric  acid  is 
promoted  by  the  addition  of  chmmic  acid  and  of  hydrogen  peroxide. 
Impure  zinc  dissolves  readily  in  acids,  because  the  hydrogen  is 
evolved,  not  from  the  zinc,  but  from  the  more  electronegative  foreign 
metals. 

Zinc  is  converted  by  carbon  dioxide  into  zinc  oxide  at  a  red  heat, 
carbon  monoxide  being  formed. 

Aqueous  solutions  of  the  alkalies  attack  zinc  with  the  evolution  of 
hydrogen,  but  much  more  slowly  than  do  acids.  The  action  is  more 
energetic  when  the  zinc  is  in  contact  with  iron  or  platinum  so  as 
to  form  a  galvanic  couple.  Zinc  is  thus  easily  dissolved  in  potash  lye 
when  contained  in  an  iron  vessel. 

Zinc  precipitates  all  the  malleable  heavy  metals  except  iron  and 
nickel  from  their  solutions  in  the  metallic  state.  Conversely  it  is  not 
precipitated  as  metal  from  its  solutions  by  any  heavy  metal  nor  even 
by  aluminium. 

Sulphur  combines  with  zinc  at  a  red  heat,  producing  zinc  sul- 
phide ;  the  combination  is,  however,  imperfect,  because  the  zinc,  evin 
when  in  fine  powder  and  intimately  mixed  with  powdered  sulphur, 
is  protected  by  the  superficial  layer  of  the  infusible  sulphide  thus 
formed.  Zinc  can  be  converted  completely  into  sulphide  by  mpi«i 
heating  with  cinnabar,  as  also  by  fusion  with  potassium  sulphide. 

By  fusion  with  litharge,  zinc  is  converted  into  oxide,  whilst  the 
oxide  of  lead  is  reduced  to  metal. 

By  fusion  with  alkaline  carbonates,  zinc  is  converted  into  oxidr 
with  the  evolution  of  carbon  monoxide.  When  it  is  similarly  treat*?<l 
with  alkaline  sulphates,  zinc  sulphate  and  zinc  oxide  are  formed, 
sulphur  dioxide  being  evolved.  Zinc  unites  with  phosphorus  at  a 
red  heat  in  various  proportions  to  form  phosphides  of  zinc. 

Zinc  unites  with  arsenic  in  all  proportions  at  a  moderate  tem- 
perature, alloys  of  the  two  metals  being  produced.  The  more  arsenic 
it  contains,  the  less  fusible  does  the  zinc  become ;  alloys  containing 
large  proportions  of  arsenic  are  absolutely  infusible. 

Zinc  forms  alloys  with  a  large  number  of  metals,  e.ff.  aluminium 
antimony,  bismuth,  gold,  iron,  lead,  mercury,  silver  and  tin. 
»  Ber,  deut.  Chem,  Ges,  1891,  24,  p.  1785, 
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Aluminmm  alloys  with  zinc  in  all  proportions.  More  than  3  per 
cent,  of  zinc  makes  these  alloys  brittle.^ 

ArUimony  forms  brittle  alloys  with  all  proportions  of  zinc. 

Bismuth  and  zinc  alloy  on  melting,  two  layers  being  formed  on 
cooling.  The  upper  layer  contains  97*6  per  cent,  of  zinc  and  2'4 
per  cent,  of  bismuth,  and  the  lower  layer  85*7  to  91*4  per  cent,  of 
bismuth  and  14'3  to  8*6  per  cent,  of  zinc. 

Capper  alloys  in  all  proportions  with  zinc,  the  brasses  being  the 
alloys  of  practical  importance.  With  the  rise  in  the  proportion  of 
copper  (up  to  85  per  <jent.)  the  ductility  increases. 

Gold  and  Zinc  form  alloys  in  all  proportions, 

Ircm  gives  a  hard  brittle  alloy. 

Lead  melted  with  zinc  forms  on  cooling  two  alloys  with  pre- 
ponderance of  each  metal  respectively.  Commercial  zinc  is  usually  a 
zinc-lead  alloy  containing  1  per  cent,  of  lead. 

Quicksilver  forms  a  white  brittle  amalgam  readily  with  zinc. 
Kxcess  of  quicksilver  renders  this  amalgam  viscous. 

Silver  combines  with  zinc  readily  at  high  temperatures,  less 
readily  at  lower  temperatures. 

Tin  alloys  with  zinc  in  all  proportions. 

Other  alloys  are  formed  with  magnesium,  nickel,  cobalt,  tellurium 
and  sodium,  and  a  long  series  is  known  containing  zinc  and  two 
other  metals. 

Chemical  Reactions  of  Zinc  Compounds  that  are  of 
Importance  in  the  Extraction  of  the  Metal 

Zinc  Oxide  (ZnO) 

Zinc  forms  only  one  compound  with  oxygen,  namely,  zinc  oxide ; 
this  occurs  in  nature  as  zincite.  Recent  investigations,  however, 
tend  to  show  that  other  oxides  may  exist.  Artificially  it  is  prepared 
by  burning  zinc,  by  heating  finely  divided  zinc  with  nitre,  potassium 
chlorate  or  arsenic  acid,  by  igniting  zinc  carbonate,  hydrate,  sulphate 
or  nitrate,  and  by  the  oxidising  roasting  of  zinc  sulphide. 

It  forms  a  white  or  pale  yellow  powder,  which  becomes  lemon- 
yellow  on  heating,  but  regains  its  white  colour  on  cooling. 

Zinc  oxide  is  infusible  by  itself,  and  is  unaffected  at  temperatures 
that  are  not  excessive,  but  is  volatile  at  a  strong  white  heat. 
Acconling  to  the  experiments  of  Stahlschmidt,^  pure  zinc  oxide  is 

*  Aluminium,  Richards,  London,  1896. 
'^  Berg-  und  HiitUnm.  Zlg.  1875,  p.  69. 
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perceptibly  volatile  even  at  the  melting  point  of  silver  (970°  C)  ;  at 
the  melting  point  of  copper  (1054°  C.)  its  volatility  is  more  marked 
(15  per  cent.).  At  a  white  heat  it  volatilises  rapidly.  The  oxide 
produced  by  roasting  zinc  blende  is  not  volatile  at  the  melting  point 
of  silver,  though  it  is  considerably  so  at  the  melting  point  of  copper. 

Zinc  oxide  is  insoluble  in  pure  water.  Acids  dissolve  it  readily, 
as  also  do  solutions  of  caustic  potash  and  soda,  ammonia  and 
ammonium  carbonate.     With  sulphurous  acid  it  forms  zinc  sulphite. 

Although  zinc  oxide  is  a  strong  base,  it  nevertheless  combines 
also  with  other  bases  (with  the  alkalies,  alkaline  earths,  and  with 
alumina).  It  does  not  combine  with  water  to  form  zinc  hydroxide 
(ZnO.HgO  or  Zn(0H)2),  but  this  body  can  be  obtained  as  a  white 
amorphous  precipitate  by  the  action  of  sodium,  potassium,  calcium  or 
magnesium  hydroxides  on  solutions  of  zinc  salts.  Excess  of  potassium 
or  sodium  hydroxides  dissolves  zinc  hydroxide.  On  heating,  zinc 
hydroxide  loses  water  and  forms  the  oxide. 

It  is  reduced  to  metal  by  carbon  and  carbon  monoxide  at  a  bright 
red  heat.  According  to  Hempel's  ^  experiments,  reduction  commences 
at  a  tempei-ature  below  the  boiling  point  of  zinc,  and  is  complete  at 
a  tempei-ature  above  it,  between  bright  redness  and  a  white  heat. 

The  researches  of  SchUpphaus  and  Lungurtz  ^  have  shown  that 
the  reduction  of  zinc  oxide  begins  at  910"  C,  that  is  10°  below  the 
boiling  point  of  zinc,  and  is  completed  at  1300°  C.  O.  Boudouard  s  ^ 
experiments  point  to  1125°  to  1150°  C.  as  the  temperature  interval 
of  reduction. 

Zinc  oxide  prepared  by  precipitation  is  finer  in  structure  and 
more  easily  reduced  than  the  oxide  prepared  by  calcining  or 
roasting  the  ores.  Generally  speaking,  the  oxide  produced  by  the 
dead-roasting  of  zinc  blende  is  harder  to  reduce  than  that  made  by 
calcination  of  calamine. 

When  reduced  by  means  of  carbon,  carbon  monoxide  is  formed : 
when  reduced  by  carbon  monoxide,  carbon  dioxide  is  evolved.  The 
former  gas  is  without  action  on  zinc  at  any  temperature,  the  latter 
oxidises  it  at  a  red  heat.  The  quantity  of  zinc  oxidised  in  any  given 
case  by  a  mixture  of  carbon  monoxide  and  dioxide  would  seem  to 
depend  on  the  one  hand  upon  the  ratio  in  which  these  gases  are 
present,  and  on  the  other  hand  upon  the  temperature.  (See  the 
reduction  of  zinc  oxide  by  hydrogen.) 

1  Bt^-g-  iind  Huttenm.  Ztg.  1893,  Nos.  41  and  42. 
«  Jouni.  Soc.  Chem.  Ind.  Nov.  30,  1899,  p.  987. 

'  **ReQherchea  aur  lea  ^quilibrcs  chimiques,"  Ann,  Chem.  Phya.  vol.  24,  p.  74 
(1901), 
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When  zinc  oxide  is  heated  with  a  suflScient  quantity  of  carbon  to 
its  reducing  point,  zinc  is  first  reduced  by  the  carbon.  The  carbon 
monoxide  thus  formed  itself  reduces  the  oxide  of  zinc,  becoming 
thereby  converted  into  carbon  dioxide.  The  latter  has  no  opportunity 
of  oxidising  the  zinc,  because  it  is  straightway  reduced  to  carbon 
monoxide  again  by  the  red-hot  cai'bon.  As  long,  therefore,  as  a 
sufficiency  of  red-hot  carbon  is  present,  zinc  and  carbon  monoxide 
alone  are  produced.  Any  small  amount  of  oxide  produced  by  the 
oxidation  of  zinc  is  reduced  again  to  metal  by  the  carbon  and  carbon 
monoxide.  These  reactions  would  seem  also  to  take  place  in  the 
j>roduction  of  zinc  from  zinc  oxide  on  the  large  scale.  As  carbon 
monoxide  thus  acts  as  a  reducing  agent,  a  very  intimate  mixture  of 
zinc  oxide  with  the  carbon,  or  a  very  fine  state  of  division  of  these 
Ixjdies,  is  unnecessary. 

According  to  Boudouard  (op,  cit,)  the  gases  evolved  on  reduction 
of  zinc  oxide  with  carbon  contain  99  per  cent,  of  carbon  monoxide 
and  1  per  cent,  of  carbon  dioxide. 

Hydrogen  reduces  zinc  oxide  to  zinc  at  a  red  heat ;  the  water 
vapour  thus  produced  oxidises  the  zinc  again  to  a  greater  or  less 
extent.  According  to  the  experiments  of  Deville  ^  and  Dick,*^  zinc 
chiefly  is  obtained  when  a  considerable  quantity  of  hydrogen  is  passed 
in  a  rapid  stream  over  the  red-hot  oxide,  whilst  almost  all  the  zinc  is 
again  oxidised  when  a  slow  current  of  hydrogen  is  passed  over  the 
oxide.  The  oxidising  action  of  the  water  vapour  upon  the  zinc 
would  seem  to  depend  both  on  the  ratio  of  the  water  vapour  to  the 
hydrogen  and  on  the  temperature.  Deville  is  of  the  opinion  that  the 
temperature  is  the  essential  factor,  a  rapid  current  of  hydrogen 
causing  a  fall  in  temperature  that  is  not  produced  by  a  slow  one ;  at 
this  lower  temperature  water  vapour  cannot  exert  the  oxidising  action 
that  it  does  at  the  higher.  Further  experiments  are  needed  to 
decide  whether  this  view  is  ot  is  not  the  correct  one. 

Sulphur  attacks  zinc  oxide  when  heated,  zinc  sulphide  and 
sulphur  dioxide  being  produced. 

At  high  temperatures  iron  ^  reduces  zinc  oxide  to  metal. 

Zinc  oxide  unites  with  silica  at  a  white  heat  to  form  silicates. 
Percy*  found  that  the  bisilicate  could  not  be  made  to  fuse  at  the 
highest  white  heat,  whilst  the  monosilicates  and  the  lower  silicates 
fused  at  this  temperature  to  more  or  less  translucent  slags  of  whitish- 
to  greenish-yellow  colour.  The  silicate  of  zinc  which  occurs  natur- 
ally melts   at  this   temperature  to   an   opaque   stone- like   mass  of 

*  A  nn,  Chim.  Phyn.  (3)  vol.  xliii.  p.  479.  '^  Percy,  op.  cit,  p.  535. 

"  Percy,  op,  cit,  p.  536,  **  Percy,  op.  cit.  p.  53G. 
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greyish-green  colour.  According  to  Stelzner  and  Schulze/  incrusta- 
tions of  silicates  of  zinc  often  form  on  the  exterior  of  zinc-distilla- 
tion muffles,  which  are  permeated  by  zinc  vapours.  In  one  case, 
these  silicates  contained:  ZnO,  5611  per  cent;  FogO,,  0*81  per 
cent.;  SiOg,  42*77  per  cent.  These  observers  found  in  the  blue 
portions  of  the  muffle  walls  a  zinc-alumina  spinel,  tridymite,  and  a 
glass  consisting  of  silicate  of  zinc. 

Zinc  oxide  combines  with  alumina  at  high  temperatures  to  form 
aluminates.  By  heating  an  intimate  mixture  of  zinc  oxide  and 
anhydrous  alumina  in  the  equivalent  proportions  of  1:6,  Percy ' 
obtained  a  grey  sintered  stony  mass  that  scratched  flint  glass.  In 
the  blue  portions  of  the  walls  of  vessels  used  for  distilling  zinc, 
Wohlfahrt,  Stelzner  and  Schulze  ^  found  a  blue  zinc-alumina  spinel, 
in  which  a  small  portion  of  zinc  oxide  was  replaced  by  ferrous  oxide, 
its  formula  being  ZnO,Al203,  and  its  composition : — 

ZnO 42-60 

FeO 112 

AI2O3 55-61 


99-33 


Zinc  aluminate  is  found  in  nature  as  the  mineral  gahnite.  Oxides 
of  iron  and  zinc  combine  to  form  a  ferrate  of  zinc  (ZnO.Fe^Og  or 
ZnFegO^).  This  body  is  formed  to  some  extent  on  heating  together 
the  two  oxides  to  redness,  and  is  thus  a  possible  product  of  the 
roasting  of  blende  containing  iron. 

When  heated  with  eight  times  its  weight  of  oxide  of  lead,  zinc 
oxide  melts  to  a  limpid  pale  yellow  fluid ;  *  when  from  six  to  seven 
times  its  weight  is  taken,  the  mass  becomes  pasty;  on  further  dimin- 
ishing the  proportion  of  oxide  of  lead,  the  mixture  becomes  difficultly 
fusible  and  ultimately  infusible. 

The  behaviour  of  zinc  sulphide  with  zinc  oxide  will  be  found 
under  Zinc  Sulphide. 

Zinc  oxide  melts  with  fixed  alkaline  carbonates  to  fluid,  colourless 
transparent  substances  as  long  as  its  weight  does  not  exceed  one- 
fifth  of  the  whole.* 

Zinc  oxide  is  dissolved  as  chloride  of  zinc  by  a  solution  of  ferric 
chloride,   an   equivalent   quantity   of    iron    being    precipitated    as 

^  Jahrb,/.  Berg-  u.  Iltitfcnwisen  im  Konigreich  Sachsen,  1881.  Berg-  widHiiUenm. 
Ztg.  1886,  p.  150. 

'^  Op.  cit.  p.  539.  ^  L(x\  cit. 

*  Berthier,  vol.  i.  p.  515.  '*  Berthier,  vol.  ii.  p.  567. 


ZINC  11 

hydroxide.      Ferric  sulphate  in  like  manner  forms  zinc  sulphate  with 
precipitation  of  ferric  hydroxide. 

Zinc  Sulphide  (ZnS) 

Zinc  sulphide  occurs  in  nature  as  zinc  blende.  This  compound 
can  be  produced  artificially  in  both  the  wet  and  the  dry  way.  In  the 
latter  it  is  obtained  by  heating  zinc  oxide  with  sulphur,  or  in  a  sti-eam 
of  sulphuretted  hydrogen,  by  heatiug  zinc  filings  with  cinnabar,  by 
heating  zinc  filings  or  granulated  zinc  with  alkaline  polysulphides, 
and  by  heating  zinc  sulphate  and  carbon  to  a  white  heat.  As  already 
stated,  it  is  only  partially  formed  when  zinc  and  sulphur  are  heated 
together,  but  has  been  produced  by  repeated  compression  of  a  mixture 
of  these  two  substances. 

In  the  wet  way  it  is  produced  as  an  amorphous  white  powder  by 
precipitating  zinc  solutions  with  ammonium  sulphide  or  sulphuretted 
hydrogen. 

Sulphide  of  zinc  is  infusible ;  according  to  experiments  of  Percy  ^ 
it  seems  to  be  perceptibly  volatile  at  high  temperatures. 

It  can  be  melted  to  a  certain  extent  with  other  metallic  sulphides, 
forming  a  regulus,  which  it  tends  to  render  diflScultly  fusible.  It  also 
melts  to  some  extent  with  slags,  decreasing  their  fusibility  unless 
considerable  quantities  of  ferrous  oxide  are  present  in  them. 

Zinc  sulphide  is  not  decomposed  by  heating  (even  in  the  electric 
furnace^)  out  of  contact  with  air. 

When  pulverulent  zinc  sulphide  is  heated  to  redness  in  the  air,  zinc 
oxide  and  sulphate  are  formed,  sulphur  dioxide  being  given  off.  When 
the  temperature  rises  to  cherry  redness,  zinc  sulphate  is  decomposed 
into  sulphur  trioxide,  sulphur  dioxide,  oxygen  and  basic  zinc  sulphate ; 
when  it  rises  still  further  to  a  full  red  heat  approaching  whiteness, 
the  last-named  salt  is  decomposed  into  zinc  oxide,  sulphur  trioxide, 
sulphur  dioxide  and  oxygen. 

When  zinc  sulphide  is  heated  in  water  vapour,  zinc  oxide  and 
sulphuretted  hydrogen  are  formed ;  this  decomposition  is,  however, 
imperfect,  and  requires  a  temperature  up  to  white  heat. 

When  zinc  sulphide  is  heated  with  carbon   or  in  carbon-lined 
crucibles  it  volatilises  completely  according  to  Percy ,^  or  only  leaves 
behind,  if  it  contains  iron,  a  residue  of  ferrous  sulphide  free  from 
zmc.    It  is  not  stated  whether  the  zinc  sulphide  volatilised  un- 
changed or  whether  it  was  reduced  by  the  carbon  (with  the  formation 
',  Op.  ftf.  p.  540.  2  Mourlot,  Campt.  remiiis,  124,  I,  768  (1897). 

•  Op.  cit.  p.  643, 
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of  carbon  disulphide),  in  which  case  metallic  zinc  must  have  been 
produced.     These  experiments  certainly  need  further  elucidation. 

Zinc  sulphide  heated  with  carbon  and  lime  produces  metallic 
zinc,  calcium  sulphide  being  formed  ;^  the  decomposition  is,  however, 
incomplete,  and  is  said  by  Berthier  to  depend  on  the  temperature. 

Iron  decomposes  zinc  sulphide  at  a  bright  red  heat,  with  tht- 
fomiation  of  ferrous  sulphide  and  zinc  vapour ;  it  is  probable  that  a 
small  amount  of  zinc  sulphide  will,  however,  unite  with  the  iron 
sulphide,  and  thus  escape  decomposition. 

According  to  Percy,^  tin  only  decomposes  zinc  sulphide  imperfectly 
at  bright  redness. 

Antimony  appears  not  to  decompose  zinc  sulphide,  according  t^) 
Percy  s  experiments,*  and  lead  only  very  imperfectly.*  Copper  de- 
composes it,  according  to  the  same  authority,^  at  a  white  heat  with 
the  formation  of  a  copper  regulus. 

Hydrogen  has  no  effect  upon  zinc  sulphide,  according  to  Berthier.^ 
According  to  Morse,^  zinc  sulphide  can  be  apparently  sublimed  in  a 
current  of  hydrogen.  This  circumstance  is  said  to  be  caused  by  the 
reduction  of  the  sulphide  in  the  presence  of  excess  of  hydrogen  with 
the  formation  of  sulphuretted  hydrogen,  whilst  at  a  lower  temperature 
the  volatilised  metal  takes  the  sulphur  up  again  from  the  latter  gas. 

According  to  Berthier,  zinc  oxide  and  zinc  sulphide,  when  heated 
together  in  any  proportions,  form  fusible  oxysulphides. 

Percy®  deduces,  from  some  rather  imperfect  experiments,  that 
sulphide  and  oxide  of  zinc  mutually  decompose  each  other  at  high 
temperatures,  like  sulphide  and  oxide  of  copper.  With  suitable 
proportions  it  would  accordingly  be  possible  to  reduce  the  whole  of 
the  zinc  with  the  formation  of  sulphur  dioxide,  whilst  any  excess  of 
sulphide  or  oxide  would  remain  in  the  residue.  If  Percy  s  deductions 
are  correct,  considerable  quantities  of  zinc  might  thus  be  won ;  but 
his  experiments  require  confirmation. 

Zinc  sulphide  and  cuprous  oxide  appear,  from  similarly  incomplete 
experiments  of  Percy's,®  to  decompose  each  other,  a  button  looking 
like  copper,  and  a  regulus  being  produced. 

Zinc  sulphide  and  litharge,  heated  together  in  suitable  propor- 
tions, decompose  each  other,  according  to  Berthier,^^  the  products 
being  lead,  zinc  oxide  and  sulphur  dioxide.     If  the  zinc  oxide  thus 

*  Berthier,  Tr.  d.  EnmU,  vol.  ii.  p.  570. 

«  Op,  cit.  p.  543.  »  Op.  cit.  p.  543. 

*  Qp.  cii,  p.  543.  *  Op.  cit.  p.  544. 

*  Annales  des  Mines  (3),  vol.  xi.  p.  46.  ^  ^^g^.  ztg.  1889,  p.  179. 

8  Op.  cit.  p.  542.  »  Op.  cit.  p.  544.  ^^  Op.  cit,  vol.  i.  p.  403. 
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formed  is  to  form  a  liquid  mass  with  the  excess  of  lead  oxide,  there 
must  be  25  times  as  much  lead  as  zinc  oxide  present ;  in  these  pro- 
Ix>rtions  a  resin-like  glassy  slag  is  obtained.  By  heating  a  mixture  of 
24*08  grams  of  blende  with  5578  grams  of  litharge,  Berthier  ob- 
tained 29*2  grams  of  blackish -grey  hard  lead,  with  1*8  per  cent,  of 
sulphur  and  0*8  per  cent,  of  zinc.  Above  the  lead  was  a  layer  con- 
sisting of  sulphides  and  oxides  of  lead  and  zinc  together  with 
sulphur. 

Carbon  dioxide  has  no  action  upon  zinc  sulphide,  even  at  a  red 
heat. 

When  zinc  sulphide  and  nitre  are  heated  together,  zinc  oxide  and 
potassium  sulphate  are  produced. 

By  fusing  alkaline  carbonates  with  zinc  sulphide  at  a  red  heat, 
mixtures  of  zinc  oxide,  zinc  sulphate  and  alkaline  sulphides  are 
obtained. 

Zinc  sulphide  and  lime  only  decompose  each  other,  according  to 
Berthier,^  in  the  presence  of  carbon.  By  heating  6*32  grams  calcium 
carbonate  and  6*03  grams  zinc  sulphide  to  a  very  high  temperature, 
five-sixths  of  the  zinc  was  volatilised,  whilst  the  residue,  weighing 
^'6  grams,  contained  but  little  sulphide  of  zinc.  Percy  *  heated  up  to 
a  white  heat  35  grams  of  blende  with  35  grams  of  lime,  without 
carbon,  in  a  lime  crucible  placed  inside  a  graphite  pot  and  separated 
fix)m  it  by  a  layer  of  lime,  and  obtained  a  pale  brown,  porous,  im- 
perfectly fused  mass,  weighing  27  grams ;  the  latter  yielded  a  little 
sulphide  (calcium  polysulphide)  to  boiling  water,  and  dissolved  in 
hydrochloric  acid  with  the  evolution  of  sulphuretted  hydrogen,  the 
resulting  solution  containing  zinc.  The  above  experiment  does  not, 
however,  prove  whether  the  decomposition  of  sulphide  and  oxide  of 
zinc  is  in  any  degree  a  complete  one.  According  to  Frost,*  equivalent 
quantities  of  lime  and  zinc  sulphide  react  at  1200°,  but  75  per  cent, 
excess  of  lime  brings  about  complete  decomposition  of  the  sulphide 
at  1250°  C. 

Zinc  sulphide  is  insoluble  in  water,  but  soluble  in  weak  mineral 
acids  (best  in  nitric  acid).  Hot  and  strong  sulphuric  acid  deconi- 
jKJses  it  with  separation  of  sulphur  and  liberation  of  sulphur  dioxide. 

In  the  cold  chlorine  and  chlorine  water  have  but  little  action  on 
zinc  sulphide.  Chlorine  gas,  however,  attacks  it  readily  at  30°  to  40°  C. 
or  at  higher  temperatures,  forming  thereby  zinc  chloride  and  sulphur 
chloride,  thus : — 

2ZnS-f6Cl  =  2ZnCl2+S2Cl2. 

^  Op.  cit.  vol.  ii.  p.  570.  *  Op.  cit.  p.  546. 

»  Bull,  de  r Assoc.  Beige  dee  ChimisteSy  X.  6,  pp.  246-263. 
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Dorsemagen  states  that  the  action  begins  at  30**-40^  C.  with  libera- 
tion of  sulphur ;  but  according  to  Ashcroft  ^  the  reaction  only  com- 
mences at  temperatures  above  600°,  sulphur  being  liberated  accord- 
ing to  the  equation  : — 

ZnS+Cli=ZnCl2+S. 

Zinc  sulphide  is  decomposed  by  an  aqueous  solution  of  lead  chloride, 
the  products  being  zinc  chloride  and  lead  sulphide.  The  reverse 
action  takes  place  on  fusing  the  two  latter  in  the  dry  state. 

Zinc  Silicate  (Zn^SiO^) 

This  compound  occurs  anhydrous  in  nature  as  willemite  (Zn^SiOJ, 
and  hydrated  as  hemimorphite  (Zn2Si04  +  HgO).  As  already  stated,  it 
is  obtained  artificially  by  heating  zinc  oxide  and  silica  to  a  white 
heat.  The  bisilicate  can  be  got  in  the  same  way.  All  these 
silicates  are  hard  to  melt,  the  bisilicate  remaining  solid  in  Percy's 
experiments  even  at  the  most  intense  white  heat. 

By  heating  to'  whiteness  with  carbon,  both  the  natui-al  and  the 
artificial  silicate  can  be  completely  reduced  to  metallic  zinc. 
According  to  experiments  of  Percy ,^  complete  reduction  is  also  ob- 
tained when  the  finely  powdered  silicate  is  heated  without  any 
admixture  of  carbon  in  carbon-lined  crucibles,  but  the  reduction  is 
imperfect  when  the  silicate  is  treated  in  fragments  of  the  size  of  peas 
in  such  crucibles. 

When  zinc  silicate  is  strongly  heated  with  carbon  and  lime,  the 
zinc  is  also  completely  reduced. 

Zinc  Carbonate  (ZnCOj) 

This  compound  occurs  in  nature  as  smithsonite,  and  in  the  fonn 
of  a  basic  hydrated  salt  as  hydrozincite  (3ZnC03.2H20).  It  is  pro- 
duced artificially  as  a  basic  hydrate  by  driving  off  the  ammonia  from 
a  solution  of  zinc  oxide  in  ammonium  carbonate.  A  number  of 
carbonates  and  hydrated  carbonates  are  also  known.  Neutral  zinc 
carbonate  is  obtained  by  reaction  between  soluble  zinc  salts  and 
alkaline  carbonates  under  pressure,  or  by  action  on  zinc  sulphate 
with  excess  of  potassium  bicarbonate  (Roscoe  and  Schorlemniers 
method).  The  hydrated  carbonate  2ZnCOj,.H20  can  be  got  by 
digesting  basic  zinc  carbonate  with  ammonium  bicarbonate.  The 
neutral  carbonate  is  soluble  to  the  extent  of  1  in  189  parts  by  weight 
of  carbonic  acid  under  a  pressure  of  5  atmospheres. 

'  On  Sulphide  Ore  Treatment.  »  pp,  ^i^  p.  537. 
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The  several  hydrated  basic  carbonates  are  obtained  by  addition 
in  varying  amounts  of  carbonates,  bicarbonates  and  sesquicarbonates 
of  potassium  and  sodium  to  solutions  of  neutral  zinc  salts,  or  by  loss 
of  ammonia  from  solutions  of  zinc  hydroxide  in  ammonium 
carbonate. 

All  the  carbonates  lose  carbon  dioxide  when  heated. 


Zinc  Sulphate  (ZnSO^) 

This  salt  crystallises  as  ZnS04+7H20,  in  which  hydrated  con- 
dition it  occurs  naturally  as  goslarite.  It  is  prepared  artificially  by 
dissolving  zinc,  zinc  oxide  or  zinc  carbonate  in  sulphuric  acid,  as  also 
by  roasting  zinc  sulphide  with  access  of  air  at  the  lowest  possible 
temperature. 

Commercial  zinc  vitriol  has  the  same  composition  as  goslarite, 
and  is  got  by  crystallisation  of  its  solution  below  SC  C.  It  is  readily 
soluble  in  water,  loses  6  molecules  of  water  at  100°  C,  and  the  last 
molecule  at  200^  C. 

The  three  sulphates,  ZnSO^.eHgO,  ZnS0^.5Ufi,  and  ZnSO,.4H20, 
are  obtained  by  crystallising  solutions  of  zinc  sulphate  at  30°,  40 — 50°, 
and  0°  C.  respectively,  the  last  in  acid  solution.  ZnS04.2H20 
is  thrown  out  as  a  crystalline  powder  by  addition  of  strong  sulphuric 
acid  to  boiling  zinc  sulphate  solution,  and  ZnS04,H20  is  left  after 
heating  the  hepta-hydrate  to  100**  C. 

Anhydrous  zinc  sulphate,  ZnSO^,  is  a  white  brittle  body  which  is 
formed  by  roasting  zinc  blende  at  low  temperatures.  It  unites  with 
water  to  form  the  hepta-hydrate,  and  on  heating  loses  sulphur  dioxide 
and  oxygen  (in  part  sulphur  trioxide)  to  form  first  a  basic  sulphate 
and  finally  zinc  oxide.  Ingalls  ^  found  2*68  per  cent,  of  sulphur  in 
the  residue  after  heating  10  grams  of  neutral  zinc  sulphate  at  900°  C. 
tor  1  hour,  but  this  sulphur  was  completely  driven  off  after  heating 
for  another  hour  at  this  temperature.  Heated  at  700°  C.  for  2  hours 
10  grams  of  sulphate  left  a  residue  containing  1478  per  cent,  of 
sulphur. 

Several  basic  sulphates  are  known,  e.g,  ZuSO^jZuO  ;  ZnSO^.SZnO ; 
ZnS04,4ZnO.  These  are  formed  in  part  by  the  decomposition  of  the 
sulphate  produced  by  roasting  zinc  blende.  The  existence  of  an  acid 
sulphate  ZnS04,H2S04,8H20  has  been  proved  by  Kobell.^ 

Carbon  decomposes  zinc  sulphate  on  heating ;  at  a  red  heat  a 
niixture  of  carbon  and  zinc  oxide  is  left  behind,  sulphur  dioxide  and 

*  Production  arid  Properties  o/Ziyic,  New  York  and  London,  1902,  p.  155. 

*  Journ.  pr,  Chem.  xxviii.  p.  492. 
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carbon  dioxide  being  evolved ;  at  a  higher  temperature  the  carbon 
reduces  the  zinc  oxide  to  metal.  If  on  the  other  hand  a  mixture  of 
zinc  sulphate  and  carbon  is  heated  sharply  to  whiteness,  zinc  sulphide 
and  carbon  monoxide  are  formed. 

Ingalls^  heated  a  mixture  of  10  grams  of  zinc  sulphate  with 
1  gi-am  of  wood  charcoal  for  2  hours  at  a  dull  red  heat,  and  found 
that  the  residue  contained  958  per  cent,  of  sulphur. 

When  sulphide  and  sulphate  of  zinc  are  heated  in  equivalent 
quantities,  zinc  oxide  and  sulphur  dioxide  are  formed,  thus : — 

ZnS + 3ZnS0^  =  4ZnO + 4S0,. 

Ingalls^  heated  4  grams  of  zinc  sulphide  with  the  equivalent 
quantity  of  sulphate  for  1  hour  10  mins.  at  a  red  heat,  gradually 
rising  to  a  white  heat,  and  found  07 6  per  cent,  of  sulphur  in  the 
residue. 

Zinc  is  not  precipitated  from  solutions  by  heavy  metals. 

A  solution  of  zinc  sulphate  is  decomposed  by  an  electric  current, 
zinc  going  to  the  cathode,  and  the  acid  radical  to  the  anode. 

Zinc  Sulphite  (ZnSOj) 

Neutral  zinc  sulphite  is  produced  by  the  action  of  a  solution  of 
sulphur  dioxide  in  water  (sulphurous  acid,  HgSO,)  on  zinc  or  its 
oxide.  Moist  zinc  oxide  and  sulphur  dioxide  give  the  sulphite 
ZnS03.2H20.  This  salt  is  almost  insoluble  in  water;  it  is  decom- 
posed at  200°  C.  into  zinc  oxide,  sulphur  dioxide  and  water,  and  is 
oxidised  fairly  quickly  in  air  to  the  sulphate.  It  dissolves  in  excess^ 
of  sulphurous  acid,  forming  a  bisulphite  of  zinc,  the  solution  of 
which  loses  sulphur  dioxide  on  heating  and  deposits  the  neutral 
sulphite. 

Zinc  Chloride  (ZnClj) 

This  salt  is  produced  by  heating  zinc  oxide  to  redness  in  chlorine, 
by  burning  zinc  in  chlorine,  or  by  acting  on  the  moistened  metal 
with  chlorine,  by  heating  a  mixture  of  anhydrous  zinc  sulphate  with 
chloride  of  sodium  or  calcium,  by  dissolving  zinc,  zinc  oxide  or  zinc 
carbonate  in  hydrochloric  acid,  evaporating  the  solution  to  dryness  j 
and  subliming  the  hydrate,  ZnCl^Hfi ;  or  by  replacing  the  electro- 
negative metals  from  their  molten  chlorides.  Solutions  of  sodium 
chloride  and  zinc  sulphate  give  by  double  decomposition  zinc  chloride 

^  Op.  cit.  p.  155.  2  Qjj   ^,7   p    155^ 
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and  sodium  sulphate,  and  the  latter  can  be  crystallised  out  by  cool- 
ing. Ferric  chloride  acts  on  zinc  oxide,  forming  zinc  chloride  and 
ferric  hydroxide. 

Zinc  chloride  melts  to  a  brown  liquid  at  262',  and  boils  at 
718° — 719°  C.  It  volatilises  without  decomposition  at  a  red  heat. 
It  is  easily  soluble  in  water,  and  the  metal  cannot  be  thrown  out 
from  solutions  by  heavy  metals. 

Zinc  chloride  is  very  hydroscopic  and  retains  water  strongly.  The 
hydrate,  ZnCl2,H50,  is  obtained  from  watery  solution.  From  this 
hydrate  it  is  very  hard  to  get  the  salt  with  less  than  3  to  6  per  cent, 
of  water,  since  hydrogen  chloride  is  given  off  and  a  basic  salt  is 
formed.  Heating  in  vacuo  is  said  to  withdraw  all  the  water  without 
any  decomposition  taking  place. 

Basic  zinc  chloride,  or  zinc  oxychloride,  is  obtained  by  dissolving 
zinc  or  zinc  oxide  in  strong  solutions  of  zinc  chloride,  and  by  evapor- 
ation of  aqueous  solutions  of  zinc  chloride  to  a  certain  point.  It  is 
also  formed,  besides  zinc  hydroxide,  by  precipitation  of  zinc  chloride 
solutions  with  milk  of  lime  or  magnesia,  and  to  some  extent  by  the 
chloridising  roasting  of  zinc  ores.  The  oxychlorides  of  zinc  are 
volatile  at  a  high  temperature,  though  it  is  quite  possible  that  they 
are  partly  decomposed  into  zinc  oxide  and  chlorine.  Of  the  many 
basic  chlorides,  those  which  have  been  closely  investigated  are 
ZnCl2,3ZnO;  ZnCl2,6ZnO;  and  ZnCl2,9ZnO. 

When  zinc  chloride  is  free  from  water,  from  lead  and  other 
chlorides,  it  can  be  melted  in  iron  pots. 


Alloys  of  Zinc 

Zinc  alloys  with  many  metals,  for  example,  gold,  silver,  copper, 
lead,  nickel,  tin,  antimony. 

It  has  greater  affinity  for  silver  and  gold  than  lead  has ;  silver 
can  therefore  be  extracted  from  molten  argentiferous  lead  by  the  aid 
of  zinc.  A  mixture  of  various  alloys  of  lead,  zinc  and  silver  is  thus 
produced,  out  of  which  the  greater  part  of  the  lead  may  be  liquated. 
If  both  the  lead  and  the  zinc  are  free  from  copper,  or  if  a  small  pro- 
]X)rtion  of  aluminium  is  added  to  the  zinc,  a  fairly  rich  zinc-silver 
alloy  can  be  obtained.  From  the  triple  lead-silver-zinc  alloy  the 
zinc  may  be  removed  by  distillation,  by  oxidation,  by  slagging, 
and  by  treatment  with  dilute  sulphuric  acid ;  the  latter  method 
can  also  be  used  for  the  zinc-silver  alloys,  as  may  also  distillation 
and  electrolysis. 
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Zinc  is  therefore  used  for  enriching  poor  argentiferous  lead  and  for 
collecting  the  silver  in  alloys  of  either  lead  zinc  and  silver  or  of  zinc 
and  silver. 

By  heating  zinc  alloys  to  the  boiling  point  of  zinc,  the  latter  niaj 
be  vaporised  and  obtained  by  condensing  the  vapours. 

If  water  vapour  is  passed  into  a  red-hot,  molten  lead-silver-zinc 
or  lead-zinc  alloy,  it  is  decomposed  by  the  zinc  present,  hydrogen 
being  evolved  and  zinc  oxide  formed,  whilst  silver-tead  or  lead,  ii-< 
the  case  may  be,  remains  behind. 

By  fusing  the  above  zinc  alloys  with  lead  oxide,  the  zinc  may  be 
separated  out  as  oxide. 

By  fusing  lead-zinc  alloys  or  lead-silver-zinc  alloys  with  common 
salt,  the  zinc  is  converted  into  chloride,  the  other  metals  remaining 
imchanged. 

By  the  aid  of  a  suitable  electrolyte,  with  a  proper  strength  "f 
current,  zinc  may  be  electrolytically  dissolved  from  its  alloys  jintl 
thrown  down  at  the  cathode. 

Zinc  Ores 

The  most  important  ores  of  zinc  are  zinc  blende,  calamine  and 
hemimorphite.  The  other  ores,  hydrozincite,  zincite  and  franklinitf 
are  of  far  less  metallurgical  importance,  on  account  of  their  scarcity. 

Zinc  Blende  or  Sphalerite  (ZnS) 

Zinc  blende  forms  at  present  the  main  source  of  zinc  production. 
It  rarely  consists  of  pure  sulphide  of  zinc,  but  generally  contains 
manganese  and  iron,  together  with  smaller  quantities  of  the  sulphi(le> 
of  cadmium  and  silver.  Less  frequently  it  contains  mercury,  gold, 
lead  and  tin.  Pure  zinc  blende  contains  67*15  per  cent,  of  zinc.  The 
ratio  of  iron  present  varies  generally  from  1  per  cent,  to  18  per  cent.: 
that  of  cadmium  may  go  up  to  5  per  cent. 

The  varieties  of  zinc  blende  are  common  blende  or  "  black  j«ick. 
which  contains  little  or  no  iron  ;  Marmatite,  with  10  per  cent,  or 
more  of  iron  present  as  sulphide;  Wurtzite  (6ZnS,FeS),  which  occui> 
at  Oruro  in  Bolivia  and  at  Przibram  in  Bohemia ;  and  Przibramito 
which  contains  up  to  5  per  cent,  of  cadmium. 

Zinc  blende  is  found  in  most  countries.  In  Europe  the  chiet 
localities  are  Germany  (the  Harz,  the  Erzgebirge,  Silesia,  Westphalia;- 
the  Rhine  district  (Hessen -Nassau  and  Baden),  Austro-Hungan 
(Carinthia,  Hungary,  Tyrol,  and  Bohemia),  Italy  (Sardinia,  Lombardy. 
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and  Piedmont),  Belgium  (Corphalie,  Bleyberg,  Welkenraedt,  and 
Engis),  England  (Wales,  Cornwall,  Cumberland,  Isle  of  Man,  Anglesea, 
Denbighshire,  and  Shropshire),  France  (Brittany,  Gascony,  Langue- 
doc,  and  Provence),  Spain  (Santander,  Murcia),  Sweden  (Ammeberg 
and  Copparberg),  Russia  (AUagir,  Eutais,  and  Petrowsk),  Greece.  In 
Africa,  Algeria ;  in  Australia,  New  South  Wales  (Broken  Hill) .  and 
TasDiania ;  in  Asia,  Siberia  (Altai) ;  in  America,  the  United  States 
(Arkansas,  Utah,  New  Mexico,  Tennessee,  Virginia,  Kentucky,  Iowa, 
New  Jersey,  Missouri,  Pennsylvania,  Wisconsin,  and  Colorado),  in 
Canada,  Mexico,  and  South  America  (Huanchaca). 

Blende  is  frequently  accompanied  by  pyrites,  chalcocite,  galena, 
and  various  arsenides  and  antimonides,  as  also  by  quartz,  calcite, 
dolomite,  siderite,  and  in  many  instances  by  mica,  chlorite  and 
hornblende. 


Calamine,  Smithsonite,  or  Zinc  Spar  (ZnCOg) 

This  ore  was  formerly  the  chief  source  of  zinc.  At  present  a  great 
Dumber  of  the  true  deposits  of  calamine  are  exhausted,  whilst  others 
that  carried  calamine  in  the  shallower  portions  have  passed  into 
blende  in  depth.  The  quantity  of  this  ore  that  is  treated  has  hence 
tallen  off  considerably. 

Calamine  is  rarely  pure  carbonate  of  zinc,  but  contains  as  a 
rule  the  isomorphous  carbonates  of  cadmium,  iron,  and  manganese. 
If  quite  pure,  it  would  contain  52  per  cent,  of  zinc,  whilst  the  impure 
ore  containing  other  carbonates  may  have  under  40  per  cent,  of  zinc ; 
the  proportion  of  cadmium  may  go  up  to  several  per  cents. 

Calamine  occurs  in  Europe,  in  Germany  (Upper  Silesia,  Rhine 
districts,  Westphalia,  and  Baden),  Aiistro-Hungary  (Carinthia), 
Belgium  (Moresnet,  Bleyberg,  Welkenraedt,  Corphalie,  and  Philippe- 
^ille),  France  (Brittany,  Gascony,  and  Languedoc),  Russia  (Poland), 
Greece  (Laurium),  Italy  (Sardinia  and  Piedmont),  Spain  (Santander, 
Murcia,  Cordoba,  Granada,  Carthagena,  Almeria,  and  Castillon); 
in  Turkey  (Brussa,  Smyrna);  in  America,  in  the  United  States 
'^Missouri,  Virginia,  New  Jersey,  Tennessee,  Arkansas,  Pennsylvania, 
H  isconsin,  and  New  Mexico) ;  in  Africa,  in  Algeria  and  Tunis. 

This  ore  is  generally  intermixed  with  clay,  brown  iron  ore,  red 
haematite,  galena,  dolomite,  and  calcite;  what  is  known  as  white 
calamine  contains  clay  as  its  chief  impurity,  whilst  red  calamine 
Cf^ntains  anhydrous  and  hydrated  oxides  of  iron  and  oxide  of 
manganese. 

c  2 
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Electric  Calamine,  Hemlmorphite,  or  Zinc  Silicate 
(Zn,SiO,  +  H20) 

This  ore  contains  53*7  per  cent,  of  zinc  when  pure,  and  is  often 
intermixed  with  the  last-named.  It  occurs  in  considerable  quantitk-s 
in  Altenberg,  near  Aix-la-Chapelle,  in  Sardinia  (Iglesias),  Spain, 
Tunis  (Zaghouan),  and  the  United  States  of  North  America  (New 
Jersey,  Pennsylvania,  Missouri,  Kansas,  Virginia,  and  Wisconsin). 

Willemite,  Troostite  or  Hebetine  (Zn.ySi04) 

This  ore  is  an  anhydrous  silicate,  and  occurs  with  calamine  in 
important  quantities  at  Altenberg  and  in  the  United  States  (Stirling 
Hill,  Fmnklin  Furnace,  and  New  Jersey).  It  contains  58  per  cent, 
of  zinc. 

Hydrozincite  or  Zinc  Bloom  (ZnC03+2ZnH202) 

This  ore  occurs  in  small  quantity  in  many  deposits  of  zinc  ore  ;  it 
is  abundant  near  Santander  and  Guipuzcoa  in  Spain,  and  less  »> 
at  Bleiberg  and  Raibl  in  Carinthia.  It  contains  571  per  cent,  of 
zinc. 

Zincite  or  Red  Zinc  Ore  (ZnO) 

This  ore  is  coloured  red  by  oxide  of  iron,  and  always  contain? 
oxide  of  manganese,  the  proportion  of  manganese  going  up  to  12  per 
cent.  It  occurs  abundantly,  mixed  with  Willemite  and  Franklinite  at 
Stirling  Hill  and  Franklin  Furnace  in  the  State  of  New  Jersey 
When  pure  it  contains  80*2  per  cent,  of  zinc. 

Franklinite  (Fe,Zn,Mn)0,^Fe  Mn)203 

This  ore  occurs  in  large  quantities  at  Stirling  Hill  and  Franklin 
Furnace  in  New  Jersey  ;  it  contains  11  to  21  per  cent,  of  zinc. 

Though  metallurgically  unimportant,  mention  may  be  made  ot 
Voltzite  (ZnO,4ZnS),  found  at  Pontgibaud  in  France  and  ai 
Joachimsthal  in  Bohemia,  of  Goslarite  (ZnSO^.THgO),  a  mineral 
formed  in  old  mines  by  the  decomposition  of  zinc  blende,  and  «'f 
Ferrogoslarite,  a  sulphate  of  zinc  and  iron  which  occurs  in  Missoiin 
and  Kansas. 

Metallurgical  Products  containing  Zinc 

Besides  its  ores,  certain  furnace  products  form  sources  of  zino 
extraction.      Among    these    are    the     so-called    fumace    caJnmiw 
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(furnace  deposits  obtained  during  the  smelting  of  lead,  copper,  silver 
and  iron  ores  containing  zinc,  and  which  are  largely  composed  of  zinc 
oxide),  zinciferous  flue  dust,  zinc  fume,  zinc  dross,  roasted  silver  ores 
containing  zinc.  Zinc  is  obtained  as  a  bye-product  in  the  treatment 
of  alloys  of  zinc  and  silver,  zinc,  silver  and  lead,  and  zinc,  silver, 
copper  and  lead. 

The  Extraction  of  Zinc 

Zinc  may  be  extracted  from  ores  and  furnace  products  by  : — 

1.  The  Dry  way. 

2.  The  Wet  way,  up  to  a  certain  point  (combined  wet  and  dry 
way). 

3.  Electro-metallurgical  methods. 

Metallic  zinc  can  only  be  obtained  in  the  dry  way  and  electro- 
metallurgically.  As  zinc  cannot  be  separated  from  its  solutions  by 
means  of  any  of  the  metals  that  are  unoxidised  at  the  ordinary  tem- 
perature, the  wet  method  only  admits  of  the  production  of  compounds 
of  zinc  (zinc  oxide),  from  which  the  metal  must  be  extracted  in  the 
dr\'  way.  Wet  methods  can  therefore  only  be  considered  as  accessory 
processes  in  the  dry  method  of  zinc  extraction. 

The  extraction  of  zinc  from  ores  and  furnace  products  in  the  dry 
way  is  performed  by  converting  the  zinc  into  oxide  (unless  it  already 
txists  as  oxide  or  silicate  in  the  ores,  or  as  an  alloy  in  furnace  products), 
followed  by  the  reduction  of  the  oxide  or  silicate  by  means  of  carbon. 
Furnace  products  which  consist  of  mixtures  of  zinc  oxide  and  metal 
are  submitted  to  direct  reduction.  From  alloys  with  metals  less 
volatile  than  zinc,  the  latter  is  obtained  by  simple  distillation.  The 
direct  extraction  of  zinc  from  its  sulphide  by  heating  the  latter  with 
carbon  and  lime  has  not  proved  successful. 

The  extraction  of  zinc  by  the  combined  wet  and  dry  methods  is 
I»-'rformed  by  dissolving  out  the  zinc,  converting  the  zinc  in  solution 
into  oxide,  and  then  reducing  the  latter  by  means  of  carbon.  The 
electroh'tic  extraction  of  zinc  is  performed  by  obtaining  the  zinc  in  the 
form  of  aqueous  solutions,  from  which  zinc  is  separated  by  means  of 
the  electric  cun*ent.  If  zinc  exists  in  the  form  of  alloys  the  latter 
niay  be  used  as  anodes  in  the  electric  circuit.  Of  all  the  above 
methods,  the  drj'  way  should  be  given  the  preference  whenever  the 
on.'S  or  furnace  products  are  sufficiently  rich  in  zinc.  In  spite  of  the 
JH'i'jit  deficiencies,  to  be  considered  below,  of  the  latter  process,  no 
success  has  attended  attempts  to  replace  it  advantageously  by  com- 
biner! wet  and  dry,  or  electro-metallurgical  methods.     The  combined 
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wet  and  dry  method  has  been  tried  experimentally  on  poor  ores,  but 
has  hitherto  failed  on  account  of  a  number  of  defects  and  of  the  high 
expense  attached  to  it.  It  has  only  been  employed  definitely  in  case> 
in  which  the  object  was  not  the  extraction  of  metallic  zinc,  but  the 
separation  of  zinc  from  other  metals  or  metallic  compounds,  so  that  the 
zinc  is  obtained  as  a  bye-product  in  the  form  of  commercial  compounds, 
such  as  sulphate,  chloride,  basic  carbonate,  or  oxide  of  zinc.  It  is  not, 
however,  quite  impossible  but  that  it  may  find  employment  in  zinc  ex- 
traction proper  as  an  auxiliary  to  the  dry  method  for  the  preparation  of 
compounds  rich  in  zinc  from  ores  or  products  poor  in  that  metal.  The 
electro-metallurgical  method  has,  up  to  the  present,  only  been  use<i 
on  an  experimental  scale,  and  with  varying  results  upon  zinc  oret? 
proper,  containing  no  other  valuable  metal  except  zinc.  Although  the 
technical  possibility  of  this  process  has  been  proved  for  such  ores  by 
continuous  operation  for  a  certain  time,  it  is  still  to-day  an  optii 
question  whether  it  is  superior  to  the  dry  method.  It  can  be  ust^l 
with  advantage  for  alloys  which  form  soluble  anodes  in  the  electric 
circuit.  It  has  also  been  used  for  the  extraction  of  the  zinc  fnmi 
pyritic  residues,  and  from  intimate  mixtures  of  argentiferous  zinc 
and  lead  ores  which  cannot  be  completely  separated  by  dressing. 

I 
Purification  of  Zinc  I 

The  zinc  that  has  been  obtained  by  the  dry  or  combined  wet  and 
dry  methods  is  in  most  cases  contaminated  by  impurities,  such  a> 
lead  and  iron,  which  interfere  with  the  technical  applications  of  th»  j 
former  metal.  It  therefore  needs  before  use  a  purification,  known  ;t , 
refining.     This  refining  is  executed  in  the  dry  way.  j 


Extraction  of  Zinc  in  the  Dry  Way 

The  Extraction  of  Zinc  front  Ores 

The  method  of  extracting  zinc  in  the  dry  way,  which  has  bcti 
used  up  to  the  present  for  ores,  depends  upon  the  property  of  carb*!! 
and  bodies  containing  carbon  to  separate  metallic  zinc  from  thi 
oxides  and  silicates  of  that  metal  at  a  high  temperature.  The  recerf 
suggestions  to  decompose  sulphide  of  zinc  by  means  of  iron  have 
not  yet  been  put  into  execution. 

The  ores  from  which  zinc  is  extracted  are  the  oxide,  silica^ 
carbonate  and  sulphide.  The  ores  consisting  of  oxide  and  silicntt 
contain  zinc  in  a  combination  suitable  for  reduction.  Ores  containiiij 
the  carbonate  can  be  converted  into  oxide  by  simple  calcination 
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those  that  contain  the  sulphide  by  means  of  an  oxidising  roasting. 
The  complete  reduction  of  oxide  of  zinc  only  takes  place  at  very  high 
temperatures.  It  begins  even  below  the  boiling  point  of  zinc  at  a 
moderate  red  heat,  but  is  only  complete  at  a  bright  redness  approach- 
ing a  white  heat.  It  is  therefore  necessary  to  increase  the  tempera- 
ture to  the  boiling  point  of  zinc,  so  that  the  zinc  is  separated  in  the 
gaseous  condition,  and  requires  to  be  condensed  to  liquid  zinc. 

The  chemical  reactions  in  extracting  zinc  from  its  oxide  and 
silicate  consist  in  the  formation  of  zinc  and  carbon  monoxide,  when 
the  former  compounds  are  heated  to  the  necessary  temperature  with 
carbon.  Carbon  monoxide,  however,  also  has  a  reducing  action  upon 
the  oxide  of  zinc,  carbon  dioxide  being  produced.  Carbon  dioxide, 
which  oxidises  zinc  at  a  red  heat,  is  again  reduced  immediately  upon 
its  formation  to  carbon  monoxide  by  means  of  the  carbon,  which 
nuist  be  present  in  excess,  the  carbon  monoxide  thus  formed  again 
reducing  a  further  amount  of  zinc  oxide.  Oxidation  of  the  zinc  by 
carbon  dioxide  is  therefore  impossible  in  the  presence  of  a  sufficient 
excess  of  carbon.  It  is  unknown  to  what  extent  carbon  monoxide 
assists  in  the  reduction  of  zinc  oxide.  The  more  intimate  the 
mixture  of  zinc  oxide  with  carbon,  the  better  does  the  reduction  of 
the  former  take  place. 

The  gaseous  zinc  must  be  condensed  to  the  liquid  state ;  as  zinc 
vapours  are  oxidised  by  air,  water  vapour  and  carbon  dioxide,  they 
must  not  be  allowed  to  come  into  contact  with  these  gases.  The 
coudensation  of  zinc  vapour  to  liquid  zinc,  which  forms  the  most 
difficult  portion  of  the  process  of  zinc  extraction,  takes  place 
between  definite  limits  of  temperature,  and  is  then  only  possible 
when  the  zinc  vapour  is  not  too  greatly  diluted  by  other  gases.  If 
the  temperature  felts  below  the  melting-point  of  zinc  (415"  C),  the 
zinc  vapours  condense  to  a  powder  known  as  zinc  fuiiie.  If  the 
temperature  greatly  exceeds  550°  C,  the  zinc  remains  in  the  gaseous 
fonii.  If  the  zinc  vapours  are  mixed  with  foreign  gases,  their  con- 
densation to  liquid  zinc  is  thereby  rendered  more  difficult.  When  a 
certain  point  of  dilution  with  foreign  gases  is  reached,  the  zinc 
vapours  will  no  longer  condense  to  liquid  zinc,  but  form  zinc  fume 
on  cooling  down.  The  temperature  at  which  zinc  vapours,  produced 
in  practice  by  the  reduction  of  zinc  oxide  by  carbon,  and  therefore 
diluted  with  carbon  monoxide,  will  condense  to  liquid  zinc,  lies  between 
415^  and  550*  C.  The  necessity  of  employing  a  temperature  ex- 
celling the  boiling  point  of  zinc  in  the  extraction  of  that  metal,  the 
rt^adiness  with  which  zinc  vapours  are  oxidised  by  air,  carbon  dioxide 
anrl  water  vapour,  and  especially  the  difficulty  of  condensing  into  a 
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liquid  form  the  vapours  of  zinc  diluted  by  other  gases,  cause  the 
extraction  of  zinc  to  be  one  of  the  most  difficult  and  most  imperfect 
of  all  metallurgical  operations.  The  readiness  with  which  zinc 
vapour  is  oxidised  compels  the  process  of  reduction  to  be  carried  on 
with  the  exclusion  of  air.  The  high  temperature  required  for  the- 
reduction  renders  necessary  the  employment  of  a  first-class  fire- 
resisting  material  for  the  construction  of  the  apparatus  of  reduction. 
The  latter  are  at  present  closed  vessels,  such  as  tubes  or  muffles, 
made  of  fireclay,  with  a  comparatively  small  capacity,  and  destroyed! 
with  comparative  ease,  so  that  the  operation  is  attended  with  high 
costs  in  fuel  and  labour.  As  it  is  not  possible  to  completely  condens*.* 
zinc  vapours,  as  the  walls  of  the  apparatus  used  in  reduction  are  t*- 
a  certain  extent  permeable  by  gases  and  readily  fractured,  as  th^; 
material  of  the  retorts  always  retains  a  certain  quantity  of  zinc  in  the 
form  of  an  alumiuate,  and  as  a  certain  quantity  of  metal  always  remain? 
in  the  residues,  the  extraction  of  zinc  is  accompanied  with  considerabh 
losses  of  metal — amounting  in  favourable  cases  to  about  10  per  cent, 
of  the  zinc  contents  of  the  ore,  and  in  some  cases  rising  to  25  to  3i> 
per  cent.  For  the  above  reasons,  ores,  the  percentage  of  zinc  in 
which  falls  below  certain  limits,  cannot  be  treated  with  profit  in  the 
dry  way. 

It  is  therefore  intelligible  that  attempts  should  have  been  made 
for  a  long  time  to  improve  this  defective  process  of  zinc  extraction. 
The  process  of  distillation  can  only  be  avoided  by  means  of  elec- 
trolysis or  by  reduction  of  the  oxide  or  sulphide  under  such  a  pres- 
sure that  the  zinc  separates  out  in  the  metallic  state,  because  zinc  i^ 
not  precipitated  in  the  metallic  state  from  its  solutions  by  any  metal 
capable  of  existing  at  the  ordinary  temperatures,  on  account  of  it:> 
highly  electro-positive  character.  Up  to  the  present,  however,  the 
electrolytic  extraction  of  zinc  from  its  ores  has  not  shown  anv| 
superiority  to  the  process  of  distillation  as  now  carried  on,  nor  have 
attempts  to  win  the  zinc  in  a  liquid  state  under  pressure  led  to  the 
adoption  of  this  process. 

The  numberless  attempts  to  conduct  the  extraction  of  zinc 
oxide  in  reverberatory  and  blast  furnaces  have  only  given  negative 
results  as  regards  the  production  of  zinc  in  the  metallic  state.  By 
the  employment  of  reverberatory  furnaces  zinc  oxide  only  can  be 
produced  *  by  the  employment  of  blast  furnaces  zinc  vapour  catt 
certainly  be  produced ;  the  latter  has,  however,  even  when  heated 
air  was  employed,  been  found  to  be  so  greatly  diluted  by  carb'n 
monoxide  and  nitrogen,  that  it  was  impossible  to  condense  it  to  the 
liquid  state  :  only  zinc  fume  could  be  separated  from  it.     It  appe^^rs, 
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therefore,  that  blast  furnaces  can  only  be  used  for  the  production 
from  ores,  of  intermediate  products  rich  in  zinc,  such  as  mixtures  of 
zinc  fume  or  zinc  powder  with  small  quantities  of  zinc  oxide,  from 
which  latter  the  zinc  can  only  be  obtained  by  treatment  in  retorts. 
H»  nee  it  happens  that  improvements  in  the  extraction  of  zinc  in  the 
onJinary  way,  apart  from  the  calcination  of  zinc-blende,  have  been 
confined  to  the  distillation  process  in  closed  vessels.  Many  such 
improvements  may  be  mentioned,  e,g. :  the  introduction  of  gas-firing 
and  the  use  of  natural  gas  (Kansas,  Indiana),  the  improvement  of 
the  fireproof  material  of  the  vessels  employed,  the  production  of 
denize  vessels  by  means  of  pressure,  the  increased  size  of  the  fur- 
naces, the  more  perfect  appliances  for  the  condensation  of  zinc  vapour 
and  for  the  removal  of  the  products  of  combustion  from  the  interior 
of  the  zinc  works. 

In  zinc  extraction,  as  now  practised,  we  have  to  distinguish  : — 

1.  The  preparation  of  ores  for  the  process  of  reduction  by  calcining 
or  roasting. 

2.  The  reduction  process  proper,  or  the  extraction  of  the  zinc 
from  the  calcined  ores. 

1.  Preparation  of  Ores  for  the  Process  of  Reduction 

Zinc  ores  which  contain  the  zinc  in  the  form  of  oxide  require  no 
pri^paration.  Silicates  of  zinc  but  rarely  form  an  independent  object 
of  zinc  extraction,  as  they  generally  occur  together  with  calamine,  and 
are  therefore  treated  in  the  same  way  as  that  ore.  If  they  occur  by 
themselves,  they  have  to  be  calcined  for  the  removal  of  the  water, 
which  would  otherwise  exert  an  oxidising  action  upon  the  zinc  during 
the  process  of  reduction.  No  other  preparation  is  required,  because 
zinc  is  reduced  from  its  silicates  by  means  of  carbon.  Silicates  free 
fn)m  water  require  calcination  only  to  make  them  tender ;  ores  of 
zinc  that  contain  the  metal  as  carbonate  and  sulphide — viz.,  calamine 
Uncluding  zinc  bloom)  and  blende — must  be  converted  into  oxide 
lM.»fore  they  can  be  reduced. 

Zinc  could  be  reduced  from  calamine  without  converting  that  ore 
jireviously  into  oxide  ;  but  in  this  case  the  process  would  not  only  be 
MTiously  delayed  by  the  expulsion  of  the  carbon  dioxide  and  water 
from  the  ore  and  the  loss  of  heat  thereby  occasioned,  but  the  products, 
<%'trbon  dioxide  and  water  vapour,  would  exert  an  oxidising  influence 
njxin  the  zinc  vapour  produced.  To  avoid  these  objections,  it  is 
.'iJ>solutely  necessary  to  drive  off  the  water  and  the  carbon  dioxide  from 
the  calamine  by  a  decomposing  roasting  known  as  burning  or  calcining. 


26  METALLURGY 

This  operation  also  possesses  the  great  advantage  of  making  the 
calamine  more  porous  in  structure.  The  reduction  of  zinc  is  hereby 
greatly  facilitated,  as  an  opportunity  is  afforded  for  the  carbon  mon- 
oxide to  penetrate  through  all  portions  of  the  calamine  thus  rendered 
spongy,  and  to  exert  its  reducing  influence  upon  it. 

As  zinc  blende  cannot  be  directly  reduced  by  carbon  and  lime,  and 
as  the  proposed  reduction  with  iron  has  not  yet  found  applicatioD,  it 
must  be  converted  into  zinc  oxide  by  means  of  an  oxidising  roastiDg 
combined  with  a  decomposing  roasting  that  shall  decompose  the  zinc 
sulphate  formed. 

Crvshing  Zinc  Ores 

Of  the  above  ores,  zinc  blende  requires  for  its  perfect  calcination 
to  be  broken  down  to  004  to  008  inch  mesh.  Such  ciiishing  is  al&) 
necessary  in  the  case  of  pieces  of  blende  which  have  been  previously 
roasted  in  heaps,  stalls  or  shaft  furnaces  before  the  final  roasting. 
Whenever  the  blende  is  not  produced  in  the  form  of  concentrates  by 
dressing  works,  the  ores  are  crushed  in  rolls  or  edge  mills  after  being 
previously  broken  with  rock  breakers  in  case  of  need.  La  Upper 
Silesia,  Schwarzmann*s  friction  rolls  have  been  found  to  be  exceedingly 
effective  and  durable.  'As  calamine  can  be  burnt  in  lumps,  it  need< 
crushing  only  after  burning.  The  Belgian  method  of  zinc  reduction 
requires  more  complete  crushing  than  does  the  Silesian  method. 
For  hard  ores,  such  as  silicate  of  zinc  and  willemite,  rolls,  for  soft 
ores,  edge  runners,  ball  mills  and  disintegrators  are  employed.  When 
the  ore  has  thus  been  obtained  in  the  necessary  form,  it  has  to  undergo 
a  preliminary  treatment,  cither  by  : — 

(a)  Roasting  or  calcination  of  calamine, 
(ft)  Calcination  of  zinc  blende. 

(a)  Roasting  07'  Calcining  of  Calamine 

The  object  of  this  process  is  to  remove  carbon  dioxide  and  wat^ 
from  the  ore  and  to  make  it  more  porous.  If  other  bodies  containing 
water  and  carbon  dioxide  are  mixed  with  the  calamine,  the  water  or 
carbon  dioxide  must  be  driven  off  from  them  also.  This  object  is 
attained  by  heating  the  calamine  to  such  a  temperature  that  the 
carbonate  of  zinc  shall  be  decomposed  into  zinc  oxide  and  carbon 
dioxide,  which  temperature  must  also  be  sufficient  to  decompose  any 
foreign  carbonates  present.  Calamine  gives  up  its  carbon  dioxide  at 
a  moderate  red  heat,  whilst  the  complete  decomposition  of  calcium 
carbonate  requires  bright  redness.     The  loss  of  weight  of  pure  zinc 
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carboDate  on  complete  calcination  amounts  to  e35*5  per  cent. ;  when 
all  the  water  is  removed  from  silicate  of  zinc,  this  loses  7*5  per  cent. 
As  a  general  rule,  burnt  calamine  still  retains  more  or  less  carbon 
dioxide,  up  to  some  17  per  cent. 

As  the  zinc  oxide  produced  by  burning  calamine  gradually  attracts 
carbon  dioxide  from  the  air,  whilst  lime  does  so  rapidly,  it  is  necessary 
U)  treat  burnt  calamine  soon  after  it  has  been  calcined,  but  imme- 
diately if  it  contains  much  lime.  Calamine  may  be  burned  in  heaps, 
stalls,  shaft  or  reverberatory  furnaces.  As  a  rule,  burning  in  heaps 
and  stalls,  for  which  lump  ore  is  necessary,  is  to  be  avoided  on  account 
of  the  imperfect  decomposition  of  the  ore  and  the  great  waste  of  fuel. 
It  is  far  more  costly  than  the  roasting  of  sulphides  in  heaps  and 
stalls,  as  in  the  latter  case  the  greater  portion  of  the  heat  required 
for  the  operation  is  produced  by  the  combustion  of  sulphur,  whereas 
the  heat  required  to  remove  water  and  carbon  dioxide  fi-om  calamine 
can  only  be  produced  by  the  combustion  of  extraneous  fuel.  Burning 
in  heaps,  with  wood  for  fuel,  is  practised,  according  to  Thum,^  in  the 
north  of  Spain  ;  burning  in  stalls,  according  to  the  same  authority,  in 
the  mountains  of  the  south  of  Spain,  where  wood  is  scarce.  As  a 
rule,  lump  calamine  should  be  burnt  in  ordinary  shaft  furnaces  or 
in  shaft  furnaces  fired  by  means  of  external  grates,  crushed  ores  in 
reverberatory  furnaces.  The  grate-fired  shaft  furnace  has  this  advan- 
tage over  the  ordinary  shaft  furnace,  that  the  ashes  of  the  fuel  do 
not  intermix  with  the  burnt  ore,  as  is  the  case  when  fuel  and  ore 
come  into  direct  c<intact  inside  the  ordinary  shaft  furnace. 

Burning  Calamine  in  Shaft  Furnaces 

Calamine  can  be  burnt  in  ordinary  shaft  furnaces  with  a  com- 
{laratively  small  consumption  of  fuel,  about  3*6  per  cent,  of  the 
weight  of  the  ore.  This  method  admits  of  a  high  production,  and 
requires  but  little  labour ;  it  has,  however,  the  objection  that  the 
bamt  ore  is  mixed  with  the  ashes  of  the  fuel.  If,  moreover,  the 
temperature  rises  too  high,  some  zinc  may  be  reduced.  The  fuels 
employed  are  lean  coals  low  in  ash,  lignite  low  in  ash,  small  coke 
low  in  ash,  or  small  charcoal.  These  are  charged  in  layers  alternating 
with  layers  of  calamine  into  the  furnace.  Together  with  the  lump 
ore,  the  charge  may  contain  a  certain  amount — 15  or  20  per  cent. — 
of  ore  fines. 

The  furnaces  do  not  differ  in  any  important  respect  from  lime- 
kilns. The  older  furnaces  have  boshes  and  heavy  retaining  walls. 
'  B^merkutigen  uber  Zinkiivdwtrie^  Bery-tml  HiUtenm.  Ztg.,  No.  17,  p.  138,  1876. 
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The  latter  can  be  replaced  with  advantage  by  a  casing  of  iron  plates. 
The  height  varies,  according  to  the  nature  of  the  ore,  from  10  to 
20  feet,  and  the  diamster  from  3  to  10  feet.  The  bottom  is  either 
flat,  or  provided  with  a  cone.  The  output  varies  according  to  the 
nature  of  the  calamine  and  its  impurities,  and  the  size  of  the  furnace?^. 
It  is  lower  the  greater  the  proportion  is  of  lime  and  zinc-blende. 
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Under  favourable  circumstances,  with  large  furnaces  it  may  amount 
to  25  or  30  tons  per  24  hours.  The  fuel  consumption  also  varies  >vith 
the  impurities  of  the  ore,  and  may  lie  between  3  and  6  per  cent,  of  the 
weight  of  the  raw  ores.  Calamine  is  burnt  in  shaft  furnaces  in  Moresnet 
(Belgium),  Dortmund,  Laurion,  Lehigh  (Pennsylvania),  and  in  the 
district  of  Iglesias  (Sardinia).  At  Altenberg,  near  Moresnet,  a  mixture 
of  calamine  and  silicate  of  zinc  used  to  be  burnt  in  a  shaft  furnace  of 
the  construction  shown  in  Fig.  1,^  in  which  k  is  the  lining,  r  the 
retaining  wall,  v  the  cone,  g  arches,  of  which  there  are  four,  gi^^ng 
access  to  the  draw-holes  z.  The  shaft  is  7  feet  3  inches  in  diamett^r 
at  the  throat,  9  feet  8  inches  in  the  centre,  and  5  feet  6  inches  at  the 
draw-holes.  The  cone  is  3  feet  6  inches  high  ;  the  height  of  the 
furnace  from  the  point  of  the  cone  to  the  throat  is  17  feet  6  inches. 
In  this  furnace  c^ilamine  mixed  with  some  silicate  of  zinc  was  biirniHl 
with  lean  coals  and  coke  smalls.     The  layers  of  ore,  which  alternated 

'  Tliiiin,  ZinkhUtttnhetrith  der  Altenhertjer  (J eaelhchajt^  Bery-  und  Htittcnm,  Zf'j., 
p.  405,  1859,  and  p.  4,  1860;  Kerl,  Mt^lamiuftenkundt,  p.  433,  1881, 
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with  layers  of  fuel,  were  6  inches  deep ;  25  tons  of  ore  were  burned 
in  24  hours,  during  which  time  there  were  six  drawings.  The  con- 
sumption of  fuel  was  from  3  to  4  per  cent,  of  the  weight  of  the  ore, 
and  the  loss  of  weight  was  about  27  percent,  of  the  weight  of  the  raw 
<ire.  Any  silicate  of  zinc,  or  any  ferriferous  calamine,  were  removed 
from  the  burnt  ore  by  hand  picking,  and  after  crushing  were  burned 
again.  At  Montefiore,  near  Iglesias,  where  shaft  furnaces  are  used 
which  have  a  conical  grate  instead  of  a  simple  cone,  small  charcoal  is 
used  as  fuel,  from  4  to  6  per  cent,  of  the  weight  of  the  ore  being 
consumed.* 

Burning  Calamine  in  Grate-fir cd  Shaft  Furnaces 

Burning  lump  calamine  in  grate-fired  shaft  furnaces  yields  a 
product  which  is  not  contaminated  by  the  ashes  of  the  fuel,  though 
it  may  at  times  contain 
small  quantities  of  flue-dust. 
There  is  also  less  danger  of 
the  reduction  and  volatili- 
sation of  zinc,  than  when  the 
ore  comes  in  direct  contact 
with  the  fuel ;  but,  on  the 
other  hand,  the  fuel  con- 
sumption is  greater  than  in 
the  simple  shaft  furnace. 
Only  raw  fuel  or  gas  can  be 
used  for  heating  purposes. 
The  consumption  of  raw  fuel 
amounts,  according  to  its 
nature  and  that  of  the  ores, 
to  some  6  to  9  per  cent,  of 
the  latter.  The  furnaces  are 
constructed  like  limekilns, 
fired  by  external  grates; 
they  are  circular  in  hori- 
zontal section  and  con- 
tracted below.  Their  height 
is  8  to  16  feet ;  their  dia- 
meter, in   the  upper  widest 

portion  of  the  shaft,  5  feet  to  5  feet  9  inches ;  at  the  narrowest 
portion,  at  the  fireplace,  1  foot  8  inches  to  2  feet.  The  number  of 
fireplaces,    which  are   disposed  laterally  about  the  lower  portion  of 

*  Ot^err.  Ztitschrifi,  No.  40,  1886. 
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the  furnace,  is  either  1  or  2.  The  output  varies  with  the  size  of  the 
furnace,  the  nature  of  the  ores,  and  the  number  of  fireplaces,  lying 
between  6  and  14  tons  per  24  hours.  Such  furnaces  are  employed 
in  the  south  of  Spain. 

The  construction  of  such  a  furnace,   with  but  one  fireplace,  l^ 
shown  in  Fig.  2.^     S  is  the  shaft,  R  the  firegrate,  Z  the  opeuing 


Fig.  3. 


through  which  the  burnt  ore  is  drawn.  The  ashpit  A  below  the 
fireplace  is  closed,  air  required  for  combustion  entering  through  a  flue 
K  in  the  brickwork  of  the  furnace,  in  which  it  is  heated  before  it 
enters  at  the  grate.  The  calamine  to  be  burned  is  charged  through 
the  opening  0.  The  throat  of  the  furnace  is  covered  by  a  comd 
hood  Jy  which  terminates  in  a  short  flue  W,  and  is  provided  in  ii^ 
1  Berg-  und  Huttenm.  Ztg.,  p.  360,  1862. 
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upper  part  with  a  damper  to  regulate  the  draught.  In  such  a 
furnace  with  one  fireplace,  5  to  8  tons -of  burnt  calamine  are  produced 
in  24  hours,  with  a  coal  consumption  of  8  to  9  per  cent,  of  the  weight 
of  the  burnt  ore.  The  raw  ore  loses  at  least  20  per  cent,  of  its 
weight  by  burning.  In  a  furnace  of  equal  size,  with  two  fireplaces, 
about  10  tons  of  burnt  ore    were  obtained    in  24  hours  with  the 
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.same  fuel  consumption.     Six  men  are  required  per  24  hours  to  work 
the  furnace. 

At  Ponte  di  Nossa  in  Italy,  powdered  calamine  has  been  burnt 
recently  in  furnaces  resembling  those  of.  Spirek  which  are  used  for 
the  production  of  quicksilver  from  cinnabar  (see  Mercury).  The 
arrangement  of  these  is  shown  in  Figs.  3  to  5.^  The  ore  rests  in  the 
furnace  on  a  number  of  sloping  fire-clay  tiles  and  fills  up  the  space 
between  these.  At  every  withdrawal  of  ore  from  the  bottom  of  the 
1  The  Mineral  Iwlmtryy  1902,  p.  684. 
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furnace,  the  mass  inside  the  furnace  slips  down  a  little.  The  levtr 
in  works  a  plate,.  V^  Fg,  in  which  are  holes  corresponding  to  those  in 
the  bottom  of  the  furnace.  When  these  holes  are  placed  in 
correspondence,  ore  passes  through  them  from  the  furnace  to  the 
boxes  J/jifji.  On  the  under  side  of  the  sloping  tiles  is  a  little  up- 
right fire-clay  continuation,  whereby  a  series  of  cells  is  formed,  the 
intervals  between  them  being  filled  with  ore.  The  flame  and  gasK> 
from  the  fireplace  (Fig.  5)  traverse  these  cells  lengthways,  passinc^ 
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first  through  two'channels  (one  over  the  other)  along  the  middle  wall 
of  the  furnace.  This  wall  divides  the  furnace  into  two  parts.  Afttr 
the  flame  has  passed  along  the  first  row  of  cells  next  to  the  wall,  it 
rises  through  a  flue  in  the  brickwork," passes  through  the  next  row  of 
cells  in  the  opposite  direction,  moves  in  the  same  manner  to  the 
next  higher  rows,  and  eventually  escapes  through  flues  in  the  middle 
wall.  The  air  for  combustion  is  warmed  in  special  flues.  By  the 
circulatory  arrangement  just  sketched,  the  tiles  take  up  a  large 
quantity  of  heat,  and   the  ore  resting  on  them  is  heated  by  dirtx'. 
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contact,  by  radiation  from  the  tiles  above,  and  by  contact  with  the 
hot  gases.  If  it  is  sought  to  reduce  the  oxide  of  iron  in  the 
calamine  so  as  to  fit  the  ore  for  magnetic  treatment,  then  coal  is 
mixed  with  the  ore,  and  the  upper  gas  flue  and  the  lower  air  inlet 
are  closed. 

In  a  furnace  of  this  description  there  were  burnt  at  Ponte  di 
Nossa,  in  4  months,  1,145  tons  of  calamine,  with  a  coal  consumption 
of  8*5  per  cent.,  3  men  and  2  boys  being  needed  per  furnace  in  an 
8  hours*  shift.^  According  to  the  latest  information,*  1,525,800  tons 
of  calamine,  averaging  33*2  per  cent,  of  zinc,  were  burnt  in  5  months 
(Aug.  1,  1902, to  Jan.  1,  1903).  The  burnt  ore  contained  429  per 
cent,  of  zinc,  the  coal  consumption  was  7*45  per  cent,  of  raw  ore,  and 
the  cost  of  calcining  was  4*68  lire  per  ton.  These  results  have 
occasioned  the  building  of  another  furnace. 


Buiming  Calamine  in  Reverheratory  Fui^naces 

In  such  furnaces  ore  fines  alone  can  be  burnt  satisfactorily ;  lumps 
are  far  better  burnt  in  either  of  the  above  shaft  furnaces.  Rever- 
beratory  furnaces  require  more  fuel  and  labour  than  do  shaft 
furnaces,  but,  if  well  constructed,  yield  as  great  an  output  as  do 
grate-fired  shaft  furnaces,  viz.,  8  to  10  tons  in  24  hours.  Reverhera- 
tory furnaces  are  employed  of  various  forms,  viz.,  with  fixed  hearths, 
with  movable  hearths,  furnaces  independent  of  zinc  reduction  furnaces, 
and  reverheratory  furnaces  which  are  heated  by  the  waste  heat  of 
the  zinc  reduction  furnaces.  Those  reverheratory  furnaces  which 
are  worked  independently  are  either  gas-fired  or  fired  by  a  grate. 
Wherever  calamine  is  burnt  at  the  mine,  which  is  the  better  way 
whenever  fuel  is  cheap  there,  and  the  ore  has  to  be  transported 
considerable  distances  to  the  smelting  works,  it  is  of  course  necessary 
to  work  the  reverheratory  furnaces  independently.  Wherever  cala- 
mine is  burnt  at  the  smelting  works,  it  is  preferable  to  conduct  the 
burning  quite  independently  of  the  work  of  the  reduction  furnace, 
and  to  use  the  waste  heat  of  the  latter  for  warming  the  air  used  for 
combustion,  or  in  the  case  of  gas  firing  for  heating  up  the  gas.  Only 
in  those  cases  in  which  the  furnace  gases,  after  having  thus  been 
utilised,  still  retain  sufficient  heat  to  be  able  to  expel  water  and 
carbon  dioxide  from  the  calamine,  is  it  profitable  to  use  them  for 
burning  this  ore. 

*  RtaocoiUi  della  Associazione  Minera^Ha  Sarddf  vol.  vi.  1901. 
2  RdMegna  Mineraria,  Torino,  February  1 1 ,  1903. 
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Inde])enihnt  Rcverheratoi'y  Ftirnaces 

Fixed  Beverberatory  Fuimaccs 

Such  furnaces  have  to  be  worked  as  a  general  rule  by  hand-power. 
Only  when  labour  is  exceedingly  dear  is  it  possible  to  use  with 
advantage  fixed  furnaces  in  which  the  ore  is  rabbled  mechanically. 

Fixed  Reverheratory  Fwi-nae^s  worked  by  Hand 

As  a  rule,  the  best  furnace  of  this  type  for  burning  calamine  Ls 
the  long-bedded  continuous-acting  furnace,  the  so-called  Fortschaufi- 
lungsqfen.     In  these  the  ore  is  charged  at  the  coldest  part  of  the 
furnace  by  the  flue-bridge,  and  is  shovelled  gradually  from  this  poiut 
to  the  hottest  part  of  the  furnace  at  definite  intervals'of  time,  until 
it  is  ultimately  drawn    out  at   the   fire-bridge   in  the  burnt  state 
Furnaces  worked  intermittently,  in  which  the  whole  of  the  charge  of 
ore  which  is  to  be  burnt  is  charged  in  at  one  time,  and  is  drawn  out 
at  one  time  when  the  operation  is  complete,  are  not  to  be  recom- 
mended  on  account  of  their  high  cost  for  labour  and  fuel.     Long- 
bedded   calciners   with    only   one    hearth    are   to   be   preferred  to 
furnaces  of  this  type  with  two  hearths  lying  one  above  the  other. 
because  working  on  the  upper  hearth  is  inconvenient,  and  when  one 
of  the  hearths  needs  repairing  the  whole  furnace  must  be  let  out. 
Furnaces  with  even  two  or  three  hearths,  one  above  the  other,  should, 
therefore,  only  be  employed  when  ground  space  is  either  verj*  valuable 
or  not  to  be  got.     The  hearth  either  lies  horizontally,  or  has  a  cevUm 
inclination  (Ferraris  furnace).     The  reverheratory  furnace  for  buniing 
calamine  diflers  from  those  used  for  calcining  the  sulphides  of  iron,  silver, 
copper  or  lead,  in  that  it  is  shorter  and  narrower  than  the  latter.    I* 
must  not  be  forgotten   that   when  the  above-named  sulphides  an- 
calcined,  a  considerable  amount  of  heat  is  developed  from  the  ures 
themselves  ;  that  the  air  required  for  their  calcination  enters  by  ih"? 
working  doors ;  and  that  as  long  as  it  is  not  in  excess,  it  become;' 
itself  a  source  of  heat  on  account  of  its  action  upon  the  sulphides. 
On  the  other  hand,  when  calamine  is  burnt,  no  heat  is  developc"! 
from  the  ores,  nor  is  any  excess  of  air  necessary.     In  order  to  utilii^' 
the  heat  of  the  fuel  to  the  best  purpose,  it  is,  therefore,  necessar}*  t^' 
have  only  as  many  working  doors  as  are  absolutely  required  for  the 
satisfactory  rabbling  and  turning  over  of  the  ores.     It  is  also  useless 
to   give  the  hearth   any  excessive   length  or  breadth,  because  the 
removal  of  the  carbon  dioxide  requires  a  comparatively  high   t-ein- 
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perature,  whilst  no  heat  is  developed  from  the  ore,  as  occurs  in  the 
case  of  sulphides  even  close  to  the  flue-bridge. 

The  length  of  the  hearth  should  not  exceed  40  to  43  feet*     With 
a  double  hearth  and  a  single  fireplace,  the  length  of  the  two  hearths 
together  should  not  exceed  the  above  amount.     When  gas-firing  is 
used,  the  length  of  the  hearth  may  be  somewhat  longer,  up  to  46  feet 
for  instance.     The    grate-fired    furnace   with  double  hearth  at  the 
works  of  the  Altenberg  Company  is  40  feet,  including  the  upper  and 
lower  hearths.      Another  direct-fired    furnace   at   Letmathe,   near 
Is<^rlohn,  in  Westphalia,    in    which   calamine   was   formerly  burnt, 
iwssessed  two  hearths  lying  one  above  the  other,  with  a  total  length 
of  27  feet.    The  gas-fired  furnaces  of  Ferraris,  with  inclined  hearth, 
at  Monteponi,  near  Iglesias,  has  a  .total  length  of  43  feet  6  inches. 
The  breadth  of  the  hearth  should  not  exceed  8  feet,  because  other- 
wise the  ore  upon  the  hearth  cannot  be  satisfactorily  rabbled  and 
turned  over  with  working  doors  along  one  side  only.     For  instance, 
the  Letmathe  hearth  was  6  feet  2  inches  wide,  the  hearth  of  the 
Alteuberg  Company's  furnace  was  7  feet  6  inches  wide,  whilst  the 
gas  furnace  at  Monteponi  has  a  hearth  8  feet  2  inches  wide.     The 
height  of  the  arch  of  the  working  chamber  should  be  about  I  foot 
4  inches  to  2  feet  at  the  outside.     In  order  to  utilise  the  heat  to  the 
utmost,  it  is  advisable   to  incline  the  arch  somewhat  towards  the 
flue-bridge,  or  else  the  hearth  may  have  a  gradual  slope  upwards, 
or  may  rise  by  steps  towards  the  flue.     The  hearth  may  be  made  of 
ordinary  brick,  fire-brick  being  only  required  in  the  neighbourhood 
of  the  fire-bridge.     The  working  doors  are  placed  from  6  feet  to  8  feet 
2  inches  apart,  centre  to  centre.     The  quantity  of  calamine  that  can 
be  burnt  in  24  hours  depends  upon  the  nature  of  the  impurities,  the 
size  of  the  furnace  and  the  character  of  the  fuel.     It  varies  from  3 
t*i  10  tons  per  furnace,  the  fuel  consumption  being  between  10  and 
15  per  cent,  of  the  weight  of  the  raw  ore.     Elach  furnace  requires 
two  or  three  attendants  per  shift.    The  construction  of  a  reverberatory 
furnace  fired  by  grate,  as  built  at  the  works  of  the  Vieille  Montagne 
Company,  is  shown  in  Figs.  6  and  7.     The  furnace  has  two  hearths, 
-ff  and  /.     The  calamine  is  first  dried  on  the  arch  G  above  the  upper 
hearth,  and  is  then  let  down  on  to  that  hearth  by  means  of  openings  o, 
*'hich  can  be  closed  when  desired.     After  remaining  6  hours  on  that 
hearth,  it  is  removed  to  the  lower  hearth  through  openings  p,  and 
after  6  hours  further  is  emptied  into  the  vaults  K  through  the  open- 
ings q.    Fi3  the  fire-grate,  T  the  flue  through  which  the  products  of 
combustion  pass  into  the  stack,  a  are  the  working  doors,  which  can  be 
closed  by  sheet  iron.     Fig.  7  shows  a  plan  of  the  upper  hearth  with 
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the  openings  p.  The  openings  q  for  emptying  the  calamine  into  the 
cooling  vaults  lie  at  the  opposite  side  of  the  lower  hearth.  In  24 
hours  4  charges,  weighing  together  8  tons,  are  calcined  in  this  furnace. 
with  a  consumption  of  2*90  to  31 1  cubic  feet  of  coal.^ 

At  the.  works  near  Cilli,  in  Austria,^  finely  ground  calamine  i> 
calcined  in  long-bedded  furnaces,  which  are  built  in  pairs  with  their 
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long  sides  adjoining,  and  with  4  working  doors  at  the  opposite  sidt'>. 
They  are  fired  with  lignite  by  means  of  special  grates.  In  24  hours 
7  charges  of  12  cwts.  each  are  worked  off. 

At  the  Paul   Works,  near  Rosdzin,  in  Upper  Silesia,  there  an 
three  long- bedded  calcining  hearths,  one  above  the  other,  each  ol 

•  Thum,  loc,  cit,  «  Berg-  nnd  Hutteum.  Zt(/.  p.  31,  1894. 
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which  has  its  own  fireplace.  Each  hearth  is  17  feet  10  inches  long 
and  7  feet  10  inches  wide.  On  each  hearth  15  tons  of  calamine  are 
calcined  in  24  hours,  with  a  consumption  of  1*5  tons  of  coal.  The 
furnace  is  worked  by  one  man,  taking  a  12-hour  shift.  The  arrange- 
ment of  a  reverberatory  furnace  fired  by  gas  (the  Ferraris  furnace),  as 
used  at  the  Monteponi  mines,  is  shown  in  Figs.  8  and  9.^ 

Two  fiimaees,  A  and  B,  with  inclined  hearths  are  built  side  by 
side  with  a  back  wall  in  common.  There  is  a  gas  producer  G  on  the 
Boetius  system,  common  to  both  furnaces.  The  ores  are  charged  at 
the  upper  end  of  each  furnace  through  a  hopper  Z  and  pass  through  the 
upper  to  the  lower  end.     The  double  furnace  treats  20  tons  of  ore  in 
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24  hours,  with  a  consumption  of  Cardiflf  coals  equal  to  15'11  per 
cent,  of  the  weight  of  the  raw  ore.  Five  men  are  employed  to  work 
the  two  furnaces.     The  ore  loses  23  per  cent,  by  calcination. 


Fixed  Reverberatory  Furnaces  worked  Mechanically, 

Such  furnaces  appear  to  be  nowhere  in  use  for  calamine,  unless 
the  ore  contains  a  considerable  quantity  of  zinc  blende  mixed  with  it. 
Their  use  would  only  be  indicated  in  the  case  of  abnormally  high 
wages.  Under  such  circumstances  the  furnaces  of  O'Harra,  Vol.  I., 
p.  78,  the  Pearce  furnace.  Vol.  I.,  p.  92,  and  the  Brown  Horseshoe 

^  Marx,  ZeUschr.  fur  das  Berg-,  HiUten-  und  Salinenweaen^  vol.  xl. 
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furnace,  Vol.  I.,  p.  98,  would  probably  be  the  most  suitable,  because 
their  output  is  far  greater  than  that  of  fixed  reverberatory  furnaces 
worked  by  hand. 

Reverberatory  Furnaces  with  Movable  Hearths. 

Calciners  of  this  t}^e,  with  fixed  or  movable  rabbles,  can  scarcely 
be  applied  with  advantage  to  the  burning  of  calamine,  on  account  of 
their  comparatively  small  output.  Many  such  furnaces  may  be  men- 
tioned, e.g.,  that  of  Brunton,^  which  is  used  for  the  roasting  of  tin 
ores  containing  arsenical  pyrites,  and  the  furnace  of  Gibbs  and 
Gelstharpe,  Vol.  I.,  p.  102,  which  is  used  for  the  chloridising  roasting 
of  cupriferous  pyrites  residues. 

Reverberatory  Furnaces  with  Movable  Chambers. 

Such  furnaces  may  be  used  when  wages  are  high.  They  consist 
of    rotating   cylinders,   which  work    either   intermittently  or   con- 
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tinuously.  Furnaces  worked  intermittently,  which  are  used  with 
advantage  for  the  calcination  of  copper  ores,  and  of  which  the  best 
known  is  the  Bruckner  furnace,  Vol.  I.,  p.  103,  have  not  been  em- 
ployed for  the  burning  of  calamine,  as  far  as  the  author  kno^-s. 
Of  the  furnaces  worked  continuously,  that  of  Oxland  is  used  with 
advantage  in  the  mining  district  of  Iglesias.  Figs.  10  and  11  show 
the  constniction  of  such  a  furnace  as  used  at  the  Monteponi  mine.^ 
In  these  figures  a  is  the  inclined  rotating  cylinder  lined  with  fire- 
brick, ft,  h  are  friction  rings  resting  on  rollers,  c  is  a  spur  whoil 

1  Imp.  Ger.  Pat.  Class  40,  No.  70807,  28  Dec.  1892. 

^  AUfjfnieive  HuHenkiinde^  p.  474.  *  Marx,  loc.  cit. 
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worked  by  the  tangent  screw  dy  the  latter  being  driven  by  a  steam 
engine.  The  ore  is  charged  through  a  hopper  and  falls  from  it  on  to 
a  cast-iron  plate,  which  forms  the  cover  of  the  furnace,  and  upon  which 
it  is  dried.  Thence  it  passes  through  the  hopper  t  into  the  tube  y, 
through  which  it  slips  down  into  the  cylinder.  In  consequence  of 
the  slow  revolution  of  the  cylinder,  which  turns  15  times  in  the 
hour,  the  ore  gradually  reaches  the  lower  end,  when  it  drops  out  in 
the  calcined  condition.  F  is  the  fire-grate.  The  mixing  of  the  ore 
is  promoted  by  four  ploughs  arranged  inside  the  cylinder ;  12  tons 
of  ore  are  calcined  in  24  hours,  the  consumption  of  Cardiff  coal 
amounting  to  12*41  per  cent,  of  the  weight  of  the  raw  ore.  The  loss 
of  weight  amounts  to  28  per  cent.  Two  men  on  a  shift  work  these 
furnaces. 

The  arrangement  at  Monteponi  is  shown  in  Figs.  12  and  13.^ 
The  calamine  is  mixed  in  both  the  furnaces  with  2  per  cent,  of  coal 
in  order  to  i-educe  the  ferric  oxide  contained  in  it  to  the  magnetic 
oxide.  The  burnt  ore  is  screened,  and  the  iron  removed  by  mag- 
netic treatment  a<;cording  to  the  method  of  Ferraris,  the  zinc 
content  being  brought  up  from  20'46  to  45  per  cent,  thereby.  The 
length  of  the  furnace  is  42  feet  3  inches ;  the  ore  is  fed  in  through 
a  pipe  2  feet  in  diameter.  The  furnace  is  3  feet  3  inches  diameter 
in  the  inside,  and  is  lined  with  wedge-shaped  fire-proof  bricks.  It 
rests  on  8  wheels,  and  is  revolved  16  times  an  hour,  the  motion 
Wing  caused  by  a  worm  wheel  and  tangent  screw.  The  quantity 
of  ore  fed  in  is  regulated  by  the  position  of  the  feed  pipe,  and 
the  distance  between  the  mouth  of  this  pipe  and  the  furnace. 
The  ore  passes  through  the  furnace  in  6  hours,  and  falls  from  the 
lower  end,  between  the  rim  of  the  furnace  and  the  grate,  into  a  pit, 
where  it  is  allowed  to  cool.  The  fire-grate,  with  blast  beneath  the 
grate,  is  shown  at  C;  the  horizontal  section  of  the  grate  has  an  area 
of  10  square  feet.  The  fuel  is  piled  up  on  the  grate  so  high  that 
part  of  the  combustible  gases  pass  into  the  furnace,  and  are  burnt 
there  by  the  admission  of  air  warmed  by  passing  through  the  walls 
of  the  fireplace.  The  fire-bridge  is  tubular,  and  projects  into  the 
furnace,  so  that  the  rim  of  this  is  protected  from  the  flames, 

Rtcerhemtory  Furruices,  heated  by  the   Waste  Heat  of  Zinc-Reduction 

Ftcmaces. 

Such  reverberatory  furnaces  may  be  combined  with  Silesian  or 
with  Belgian  zinc-reduction  furnaces.     With  the  former   they  are 
'  Q^er.  ZeitJfchr,  fur  Berg-  u.  HuUenweHen^  1892, 
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plac^  between  two  or  four  such  furnaces,  or  in  front  of  them,  whilst 
n  the  latter  case  they  are  built  above  them.  The  reverberatory 
furnaces  are  composed  of  flat  brick  arches  over  hearths  of  varying 
jhape  and  size.  A  calcining  furnace  combined  with  a  Belgian  zinc- 
reduction  furnace,  such  as  was  formerly  in  use  at  Moresnet,  is  shown 
In  Figs.  14  and  15.  The  products  of  combustion  from  the  reduction 
Turnaces  enter  the  furnace  body  h  through  the  slot  ky  and  escape  from 
the  former  through  the  flue  /  into  a  stack  23  feet  in  height.  The 
[)res  are  charged  into  the  furnace  through  an  opening  z  in  the  crown 
[)f  the  arch.  The  burnt  ores  are  discharged  through  a  vertical  flue  w 
into  a  vault  g  built  below  the  furnace.     At  p  there  are  working  doors 
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hrough  which  the  ores  in  the  furnace  can  be  rabbled.  A  furnace  of 
his  kind  will  calcine  from  36  cwt.  to  2  tons  of  calamine  in  24  hours. 

Calcining  furnaces  attached  to  Silesian  smelting  furnaces  have 
ireas  of  from  10  to  53  square  feet,  and  are  connected  with  both  the 
►Ider  and  some  of  the  newer  forms  of  these  furnaces.  They  have, 
lowever,  an  injurious  effect  upon  the  output  of  zinc  both  by  reason  of 
Jooling  the  furnace  walls,  as  also  by  interfering  with  the  draught,  and 
lave,  therefore,  been  entirely  discarded  in  the  most  recent  funiaces, 
)r  have  been  erected  at  some  distance  from  them.  The  calcining 
furnaces  attached  to  the  various  types  of  Silesian  furnaces  will 
be  found  shown  in  the  illustrations  of  the  latter.  Both  crushed 
calamine  and  lump  ore  can  be  burnt  in  these  furnaces. 

The  calciners  of  the  older  Silesian  furnaces  have  an  area  of  53 
jquare  feet.     In  these  1'5  tons   of  calamine  are  burned  in  12  hours. 
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In  the  calciners  of  the  draught-fired  furnaces,  which  have  an  area  o: 
10  square  feet,  8J-  cwts.  of  calamine  can  be  roasted  in  8  hours.  In 
the  calciners  of  the  blast-fired  furnaces,  which  have  an  area  of  16  8 
square  feet,  14  cwts.  can  be  burned  in  8  hours. 

At  Lipine,  where  reduction  furnaces  fired  with  gas  and  providnl 
with  heating  shafts  are  used,  a  small  calciner  is  placed  on  either  side 
in  the  middle  of  the  furnace  block.  Its  length  is  7  feet  3  inches,  its 
breadth  2  feet  8  inches,  and  its  height  2  feet  4  inches.  In  24  hour?. 
from  2  tons  5  cwts.  to  3  tons  of  calamine  can  be  calcined.  The  labour 
is  provided  by  the  men  in  charge  of  the  reduction  furnace.  On  the 
average,  burnt  Upper  Silesian  calamine  retains  some  17  per  cent,  of 
carbon  dioxide.^  Such  of  the  latter  as  does  not  escape  before  the 
reduction  of  the  zinc  oxide,  must  be  reduced  to  carbon  monoxide  by 
an  excess  of  carbon  in  the  muffles. 

(6)  Calcination  of  Zinc  Blende, 

The  object  of  calcining  zinc  blende  is  to  convert  the  sulphide  nf 
zinc  into  oxide  by  means  of  atmospheric  air.  Simultaneously  the 
other  sulphides  contained  in,  or  mixed  with,  the  zinc  blende  are  als*' 
converted  into  oxides.  Any  carbonates  intermixed  with  the  blende 
have  also  to  be  converted  into  oxides.  From  any  arsenical  and 
antimonial  compounds  that  may  be  present,  the  areenic  and  anti- 
mony must,  moreover,  be  volatilised  as  completely  as  possible.  The 
calcination  must  be  conducted  so  that  as  little  sulphur  as  •possible 
remains  in  the  calcined  ore,  because  sulphide  of  zinc,  whether  it  bt^ 
present  in  the  form  of  zinc  blende  that  has  remained  undecomposed, 
or  whether  it  is  produced  during  the  reduction  process  by  the 
reduction  of  zinc  sulphate,  remains  undecomposed  when  the  zinc  i> 
reduced,  so  that  its  zinc  contents  are  lost  for  the  extraction  of  zinc. 
The  complete  removal  of  sulphur  from  the  ore  is,  however,  only 
exceptionally  attained,  because  in  calcination  the  last  portion  of 
sulphur  can  only  be  driven  out  with  great  difficulty,  and  because 
the  formation  of  zinc  sulphate,  which  is  only  completely  decomposed 
at  a  red  heat  approaching  whiteness,  is  unavoidable.  Moreover, 
blende  is  often  accompanied  by  substances  such  as  galena,  chalco 
pyrite,  stibnite,  and  silicates  of  iron  and  manganese,  which  are 
inclined  to  sinter  or  melt  at  high  temperatures.  These  envelope 
particles  of  blende  and  prevent  the  oxygen  of  the  air  from  acting 
upon  them.  Under  these  circumstances,  it  is  quite  unavoidable  that 
small  portions  of  sulphur,  say  1  to  2  per  cent.,  should  remain  in  the 
1  Steger,  Eise^ii  unci  Retail,  p.  67,  1888, 
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calcined  ore.  To  obtain  as  complete  a  calcination  as  possible,  it 
is  necessary  that  the  blende  should  be  crushed  down  to  a  mesh 
of  0*04  inch,  or,  at  the  outside,  of  0'08  inch,  and  for  the  decomposition 
of  the  basic  sulphate  formed  the  final  temperature  must  be  pro- 
portionately high.  A  high  temperature  entails,  on  the  other  hand, 
the  objections  that  zinc  oxide  is  volatilised,  that  it  is  reduced  to  zinc 
when  brought  in  contact  with  the  particles  of  carbon  in  the  flame, 
and  that  the  ore  may  be  sintered  or  fused.  Zinc  sulphate  can  only 
be  imperfectly  decomposed  by  mixing  carbon  with  the  calcined  ore. 
When  pulverulent  zinc  blende  containing  only  sulphide  of  zinc  is 
calcined,  as  soon  as  the  temperature  rises  to  a  low  redness  the  sulphur 
is  oxidised  to  sulphur  dioxide,  and  the  zinc  which  was  combined 
with  this  sulphur  is  converted  into  oxide.  The  sulphur  dioxide  is  in 
part  volatilised,  in  part  it  is  converted  by  contact  with  the  red-hot 
portions  of  the  ore  and  of  the  furnace  walls  into  sulphur  trioxide, 
which  latter  combines  with  a  portion  of  the  zinc  oxide  to  form 
sulphate.  The  lower  the  temperature,  and  the  more  the  zinc  blende 
is  intermixed  with  other  sulphides,  the  more  zinc  sulphate  is  formed. 
Thus  in  some  experiments  by  the  author,  when  an  intimate  mixture 
of  equal  parts  of  zinc  blende  and  galena  from  the  Broken  Hill  Mines 
in  New  South  Wales  was  calcined  at  low  redness,  40  per  cent,  of  the 
zinc  contents  of  the  blende  was  converted  into  zinc  sulphate.  The 
fonnation  of  zinc  sulphate  is  promoted  more  by  the  presence  of 
pyrites  than  by  that  of  any  other  sulphides.  When  the  temperature 
is  raised  to  a  cherry-red,  the  neutral  zinc  sulphate  is  split  up  into 
basic  zinc  snlphate  and  to  sulphur  trioxide  or  sulphur  dioxide  and 
oxygen.  By  further  raising  the  temperature  to  the  fullest  red  heat, 
the  basic  zinc  sulphate  itself  is  decomposed  in  the  same  way. 
Schlapp  found  that  during  the  decomposition  of  zinc  vitriol  dehy- 
drated as  completely  as  possible,  by  means  of  heat  on  a  large  scale, 
some  30  per  cent,  of  the  sulphur  trioxide  escaped  as  such,  whilst  the 
remainder  was  split  up  into  sulphur  dioxide  and  oxygen. 

If  the  calcination  takes  place  in  reverberatory  furnaces,  any 
rarbon  monoxide  present  in  the  products  of  combustion  has  a  re- 
ducing action  upon  the  zinc  oxide  at  the  high  temperature  required 
to  split  up  the  basic  zinc  sulphate.  The  zinc  vapours  thus  formed 
are  carried  off,  and  are  at  once  oxidised  again  by  the  air  and 
the  carbon  dioxide  present,  so  that  loss  of  zinc  is  thus  incurred. 
With  a  sufficiently  long  continued  calcination  and  the  employment 
of  a  sufficiently  high  temperature,  it  is,  as  above  shown,  possible  to 
convert  the  whole  of  the  zinc  sulphide  into  oxide.  As  a  rule,  how- 
ever, in  consequence  of  the  difficulty  of  completely  decomposing  the 
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basic  sulphate  and  of  oxidising  the  last  portions  of  the  sulphide  of  zinc 
present,  small  quantities  of  sulphur  remain  in  the  ore.  In  a  series 
of  experiments  ^  the  following  decrease  in  the  percentage  of  sulphur 
in  the  ore  was  found  on  roasting  three  different  grades  of  ore  in  a 
Hasenclever  furnace  with  three  muffles  lying  one  above  the  other:— 

Percentaok  of  Sulphur  in  thk  Ore. 


No.  1  Ore. 


No.  2  Ore.  No.  S  Ore. 


Blend  before  charging        ....  19*2                     268          '  26o 

On  leaving  the  first  muffle    .    .  17'6  191  -199  15  9-21-4 

On  leaving  the  second  muffle    .    .  120  11*2  -14  3  9*9  -12-4 

On  leaving  the  third  muffle  .    .    .  3*4                  1*02-  148  0-75-  1-06 

On  drawing  from  the  furnace    .  .  0'6  0*35-  1*02  — 


The  temperature  in  the  first  or  uppermost  muffle  was  from  580' 
to  690°,  that  of  the  two  lower  ones  TSO**  to  900**  C.  If  the  blende 
contains,  as  is  often  the  case,  sulphide  of  iron  isomorphously  inter- 
mixed, magnetic  oxide  and  iron  sulphate  are  at  first  produced.  As 
the  temperature  increases,  the  magnetic  oxide  is  converted  into  ferric 
oxide,  whilst  the  sulphate  of  iron  is  converted  into  sulphur  dioxide 
and  oxygen  and  basic  sulphate  of  iron,  which  last,  when  the 
temperature  rises  still  further,  is  ultimately  split  up  into  ferric  oxide 
and  sulphur  trioxide,  or  in  part  into  sulphur  dioxide  and  oxygen. 
This  decomposition  takes  place  far  below  the  temperature  of  decom- 
position of  zinc  sulphate,  and  the  gases  produced  by  the  splitting  up 
of  the  sulphate  of  iron  promote  the  conversion  of  sulphide  of  ziDC 
into  sulphate.  At  the  conclusion  of  the  operation,  all  the  sulphide 
of  iron  will  have  been  converted  into  ferric  oxide,  so  that  the  product 
will  consist  of  a  mixture  of  ferric  oxide  and  zinc  oxide,  together 
with  small  quantities  of  zinc  sulphate  and  undecomposed  sulphide. 
Frost's  2  experiments  indicate  that  the  compound  ZnFegO^  is  formeii 
when  oxides  of  iron  and  zinc  are  heated  together.  According  to 
Jensch,*  the  sulphur  contained  in  dead  roasted  zinc  blende  in  the 
form  of  sulphide  is  said  to  be  exclusively  combined  with  iron.  A 
calcination  down  to  05  per  cent,  of  sulphur,  present  in  the  form  of 
sulphide,  would  thus  appear  to  be  possible  only  in  the  case  of  blende 
free  from  or  very  poor  in  iron.  In  spite,  however,  of  careful  dressing 
operations,  blende  is  frequently  intermixed  with  pyrites,  chalcopyrite, 
galena,   stibnite,   arsenides  and   sulph-arsenides,   spathic   iron    ore, 

^  Fischer's  Jahre/tber.  1890,  p.  444. 
3  The  Mineral  Industry,  p.  596,  1896. 
*  Zeitschr.  angew,  Chem,  1894,  p.  50, 
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barytes,  r^uartz,  calcspar,  dolomite  and  various  silicates.     It  also  often 
contains  silver  in  extractable  quantity. 

Pyrites  is  converted  into  ferric  oxide  by  calcination.  In  conse- 
quence of  its  ready  oxidisability,  it  promotes  the  commence  men  t  of 
calcination  and  the  raising  of  the  ore  to  a  red-heat,  but  at  the  same 
time  causes  the  formation  of  considerable  quantities  of  sulphate  of 
zinc.  If  sulphide  of  iron  remains  undecomposed  after  the  calcination, 
it  has  an  injurious  eflFect  in  the  process  of  reduction,  as  it  perforates 
the  walls  of  the  vessels  employed.  In  the  presence  of  quartz, 
ferrous  silicate  may  readily  be  formed  in  consequence  of  the  action 
of  reducing  gases  or  of  soot  upon  the  ferric  oxide  at  the  high 
temperature  of  calcination.  This  not  only  envelopes  particles  of 
blende,  but  also  acts  injuriously  upon  the  walls  of  the  vessels  em- 
ployed in  distillation  owing  to  the  formation  of  readily  fusible  double 
silicates. 

Chaleopyr^e  is  converted  on  calcination  into  a  mixture  of  cupric 
and  ferric  oxides,  and  has  the  same  disadvantages  as  iron  pyrites. 
The  cupric  sulphate  formed  by  its  calcination  decomposes  at  a  far 
lower  t'emperature  than  basic  zinc  sulphate.  As  this  ore  is  greatly 
inclined  to  sinter  on  account  of  its  containing  sulphide  of  copper,  it  is 
very  apt  to  envelope  particles  of  unroasted  zinc  blende  if  the  temper- 
ature is  at  all  high  at  the  outset. 

Galena  is  converted  into  a  mixture  of  oxide  and  sulphate  of  lead  ; 
as  it  sinters  very  rapidly,  it  is  also  apt  to  envelope  particles  of 
zinc  blende,  unless  the  temperature  is  kept  very  low  at  the  outset. 
It  also  promotes  the  formation  of  zinc  sulphate  by  the  action  of 
sulphur  dioxide  and  oxygen  or  of  sulphur  trioxide  upon  zinc  oxide 
or  sulphide.  Any  lead  sulphate  which  is  not  decomposed  at  the 
temperature  of  calcination  melts  just  as  lead  oxide  does  at  the 
temperature  required  to  decompose  zinc  sulphate,  and  both  sub- 
stances are  apt  to  envelope  particles  of  the  ore.  In  the  presence 
of  quartz,  silicate  of  lead  forms,  which  is  also  easily  fusible,  and 
envelopes  particles  of  ore.  Lead  oxide,  as  long  as  it  is  not  present 
in  too  great  a  quantity  (under  8  per  cent.),  is  reduced  in  the 
prrxiess  of  reduction  to  metallic  lead,  provided  that  the  gases  of  the 
vessels  contain  carbon  monoxide.  The  lead  thus  formed  partly 
volatilises  with  the  zinc  and  partly  remains  in  the  residue.  When  it 
is  present  in  large  quantities,  and  if  oxidising  gases  or  air  are  present 
in  the  vessels  employed  in  distillation,  it  is  partly  converted  into 
silicate  of  lead.  This  silicate  of  lead  gives  rise  to  the  formation  of 
readily  fusible  silicates,  and  thus  rapidly  destroys  the  walls  of  the 
vessels.     At  the  same  time,  lead  may  be  reduced  from  it,  and  alloy 
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with  the  zinc.  In  the  experiments  of  Sander  ^  at  Praj'on-Trooz,  zine 
blende,  containing  6  to  11  per  cent,  of  lead,  lost  on  roasting  7*88  U) 
218  per  cent,  of  its  lead. 

Slibnite  sinters  very  rapidly,  and  envelopes  particles  of  uncalcine<l 
zinc   blende.     Its   sulphur   is   converted  into  sulphur  dioxide  mi 
promotes  the  formation  of  zinc  sulphate.     The  antimony  is  converted 
into  oxide,  which   partly  volatilises  and   partly  fonns  antimoniates.  | 
The  latter  are  also  formed  in   part   by  the  action  of  the  oxide  of  | 
antimony  upon  sulphates.     These  antimoniates  remain  for  the  raost  | 
part  undecomposed  during  calcination,  and  therefore  appear  as  such 
in  the  calcined  ore. 

Arsenides  and  sulph -arsenides  give  off  their  sulphur  as  sulphur 
dioxide,  and  a  poi-tion  of  the  arsenic  forms  arsenic  acid  ;  another 
portion  of  the  arsenic  forms  arseniates  of  those  metals  (nickel,  cobalt, 
iron  and  silver)  whose  arseniates  resist  the  heat.  The  ultimate 
product  of  the  calcination  consists,  therefore,  of  a  mixture  of  metAllir 
oxides  and  arseniates.  During  the  process  of  reduction,  the  latter 
are  reduced,  yielding  metallic  arsenic,  which  passes  into  th»^ 
zinc. 

Siderite  is  converted  on  calcination  into  magnetic  oxide,  which 
promotes  the  formation  of  readily  fusible  silicates  during  the  process 
of  reduction,  and,  thereby,  the  destruction  of  the  vessels  employed. 
If  quartz  is  simultaneously  present  in  the  ore,  a  readily  fusible  silicate 
of  iron  may  form  even  during  calcination,  which  would  envelojH* 
portions  of  the  ore.  If  the  spathic  ore  contains  manganese  very  fusible 
double  silicates  are  apt  to  be  formed,  in  consequence  of  the  reiidy 
fusibility  of  silicate  of  manganese. 

Quartz  by  itself  has  no  injurious  effect  on  calcination,  as  it  only 
combines  with  zinc  oxide  at  a  white  heat.  It  may,  however,  give 
rise  to  readily  fusible  silicates  when  pyrites,  chalcopyrite  or  siderite 
are  present  in  the  ore. 

Barytes  remains  unchanged  during  calcination.  In  the  process  of 
reduction  it  becomes  reduced  to  barium  sulphide,  which  is  variously 
stated  to  promote  ^  and  to  have  no  influence  ^  on  the  formation  of  zinc 
sulphide. 

Calcitc  is  converted  partly  into  lime  and  partly  into  calcium 
sulphate.  Lime,  together  with  ferrous  oxide,  forms  readily  fusible 
double  silicates  with  the  silica  of  the  containing  vessels,  and  these 
silicates  are  apt  to  destroy  the  walls  of  the   latter.     The   calcium 

»  Btrg-  tmd  Hiittenm,  Ztg.  p.  562,  1902. 

2  Sander,  ihUJ.  1902,  p.  466. 

'  Thiim,  Berg-  mid  Hiittenm.  Ztg.  1876,  p.  154. 


ZINC  47 

sulphate  is  reduced  to  sulphide  during  the  reduction  of  the  zinc 
uxide,  and  thus  gives  rise  to  the  formation  of  residues  rich  in  zinc. 
Thum  *  states  that  the  sulphides  of  the  alkaline  earths  appear  to  give 
up  half  of  their  sulphur  to  zinc  in  the  presence  of  free  zinc  and 
carbon.  Other  authorities-  state  that  the  presence  of  calcium 
sulphate  in  the  distillation  charge  produces  no  loss  of  zinc. 

DdomUe  behaves  like  calcite. 

Argeniiie  is  converted  into  sulphate  of  silver,  which,  in  the  last 
stage  of  calcination,  becomes  decomposed  into  silver,  sulphur  dioxide 
and  oxygen.  A  portion  of  the  silver  is  volatilised  in  the  last  stage  of 
the  calcination  at  the  high  temperature  then  prevailing.  According 
to  Sander,*  zinc  blende  containing  340  to  375  grains  of  silver  per 
Um  lost  10  to  12  per  cent,  of  its  silver  on  roasting. 

If  readily  fusible  silicates,  especially  those  of  iron  and  manganese, 
are  mixed  with  zinc  blende,  these  will  sinter  in  the  last  stage  of  the 
calcination,  and  envelope  particles  of  ore. 

The  loss  of  weight,  by  calcination,  of  zinc  blende  varies  with  its 
impurities  and  with  the  temperature,  ranging  between  12  and  20  per 
cent.  The  completeness  of  the  removal  of  sulphur  from  the  crushed 
and  roasted  zinc  blende  when  the  calcination  takes  place  in  rever- 
beratory  furnaces  or  muffles,  may  be  proved  by  the  chlorate  of  potash 
test  or  by  hydrochloric  acid.  The  amount  of  sulphur  in  the  form  of 
sulphates,  however,  can  only  be  determined  gravimetrically  or  by 
titration  with  barium  chloride. 

The  chlorate  of  potash  test,  which  is  considered  the  most  con- 
venient, is  executed  by  heating  an  iron  spoon  to  redness  in  the 
furnace,  and  melting  some  30  grains  of  chlorate  of  potash  in  it 
Upon  the  molten  salt  a  small  quantity  of  the  ore  to  be  examined  is 
then  sprinkled.  If  no  sparks  are  produced,  due  to  the  presence  of 
burning  sulphur,  calcination  is  complete.  Even  the  presence  of  only 
a  few  small  sparks  is  considered  the  sign  of  a  good  calcination, 
because  in  this  case  the  sulphur  has  been  removed  down  to  1  per 
cent  The  hydrochloric  acid  test  consists  in  heating  a  small  quantity 
of  the  ore  with  pure  zinc  and  dilute  hydrochloric  acid  in  a  test-tube. 
When  sulphur  is  present  in  the  ore,  sulphuretted  hydrogen  is  evolved 
The  quantity  of  the  latter,  and,  therefore,  that  of  the  sulphur  present 
in  the  ore,  is  detemiined  by  means  of  a  strip  of  paper  soaked  in 
acetate  of  lead,  which  takes  a  colour  varying  from  light  to  dark 
brown,  according  to  the  quantity  of  sulphur  present.  The  percentage 
of  sulphur  may  be  estimated  by  this  test  to  between  a  half  and  one- 

>  Loc.  cU.  «  Berg-  und  Huttenm.  Ztg.  p.  662,  1902, 

'  ZeitJtchr.  angew,  Ghem,  15,  p.  353,  1902. 


48  METALLURGY 

quarter  per  cent.  The  colours  obtained  may  be  compared  with 
colours  which  have  been  produced  by  roasted  blende  of  known 
sulphur  content,  provided  always  that  the  tests  are  executed  in  the 
same  manner. 

The  Process  of  Ccdcinatioii 

Blende    can    only   be    calcined    satisfactorily  in    reverberatorj* 
furnaces    and    muffle    furnaces.     Calcination    in   heaps,   stalls   and 
shaft  furnaces  is  only  available  for  rendering  the  ore  friable,  or  for 
a  preliminary  roasting.     Calcination  in  such  apparatus  must,  accord- 
ingly, be  followed  by  calcination  in  reverberatory  or  muffle  furnaces. 
Reverberatory  furnaces  produce  gases  which  contain  sulphur  dioxide 
intermixed  and  highly  diluted  with  the  products  of  combustion,  »o 
that  the  sulphur  dioxide  cannot  be  utilised;  such  furnaces  should, 
therefore,  be  used  only  when  the  utilisation  of  the  products  of  cal- 
cination for  the  production  of  sulphuric  acid   is  impracticable,  on 
account  of  the  absence  of  a  market,  and  when  the  gases  emitted 
may  either  be  allowed  to  escape  in  the  neighbourhood  of  the  smelt- 
ing  works,  or  when  they  can  be  rendered  innocuous  by  processes 
which  do  not  cause  too  great  an  outlay.     Muffle  furnaces  admit  of  as 
good  a  calcination  of  zinc  blende  as  do  reverberatory  fiirnaces,  and 
do  not  require  much  more  fuel  than  the  latter,  if  proper  use  is  made 
of  the  heat  developed  by  the  oxidation  of  the  sulphide  of  zinc.    As 
these  furnaces  produce  gases  containing  so  much  sulphur  dioxide  as 
to  be  suitable  for  the  manufacture  of  sulphuric  acid,  they  should  be 
employed,  as  a  rule,  when  there  is  a  market  for  sulphuric  acid  in  the 
neighbourhood  of  the  works,  or  when  the  sulphur  dioxide  can  be 
utilised  with  advantage  in  some  other  way.     Before  the  introduction 
of  the  newer  forms  of  muffle  furnace,  muffle  furnaces  combined  with 
reverberatory  furnaces  were  also  used.     In  the  muffles  of  these  com- 
bined  furnaces,  sulphur  dioxide  was  produced  for  the  purpose  of 
sulphuric  acid  manufacture,  whilst  the  blende  was  roasted  dead  upon 
the  hearths  of  the  reverberatory  furnaces.     Their  erection   may  be 
justified  when  there  is  only  a  limited  market  for  sulphuric  acid,  s<^ 
that  only  a  portion  of  the  sulphur  dioxide  contained  in  the  gases  can 
be  worked  up  with  advantage.     Heaps  and  stalls  can  only  be  employetl 
for  rendering  very  compact  blende  more  friable  in  such  districts  in 
which  it  is  impossible  to  utilise  the  sulphur  dioxide,  and  in  which 
no   injury   is   inflicted   by   the   latter   on    the   neighbourhood.     In 
such  cases,  the  calcination  should  be  looked  upon  as  a  preliminan' 
to  the  crushing  of  the  lump  ore,  which  has  to  be  calcined  dead  in 
reverberatories  after  it  has  been  crushed. 
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Shaft  furnaces  may  be  used  for  preliminary  roasting  with  certain 
varieties  of  blende  which  burn  readily,  when  it  is  only  possible  to 
utilise  the  gases  produced  to  a  limited  extent.  After  this  preliminaiy 
calcination,  the  lump  ore  has  to  be  crushed  and  roasted  dead  in 
reverberatory  furnaces,  whilst  blende  that  has  been  partly  roasted  in 
the  form  of  powder  goes  direct  to  the  reverberatory.  If,  on  the  other 
hand,  it  is  possible  to  utilise  the  whole  of  the  sulphur  dioxide 
available  in  the  calcination  of  the  blende,  calcination  in  mufQes  is  to 
be  preferred  to  the  combined  calcination  in  shaft  and  reverberator}- 
furnaces,  as  the  former  type  of  furnace  also  admits  of  the  utilisation 
of  the  heat  developed  by  the  oxidation  of  the  sulphide. 
We  have,  therefore,  to  consider : — 

Calcination  in  heaps  and  stalls. 

Calcination  in  shaft  furnaces. 

Calcination  in  reverberatory  furnaces. 

Calcination  in  combined  reverberatory  and  muffle*furnaces. 

Calcination  in  muffle  furnaces. 

Calcination  in  ffeapa  and  Stalls 

This  process  can  only  be  employed  exceptionally  for  calcining 
blende  in  order  to  render  it  friable  in  districts  in  which  no  complaints 
are  to  be  feared  on  the  score  of  the  sulphur  dioxide  vapours,  as  was 
the  case,  for  instance,  at  the  mines  of  the  Lehigh  Company  of 
Bethlehem  in  Pennsylvania.*  At  these  mines  lump  ore  was 
calcined,  resting  upon  a  grate  of  iron  bars  supported  by  two  outer 
walls  and  one  central  wall,  in  heaps  28  feet  in  length,  15  feet  in 
width,  and  8  feet  2  inches  high,  a  wood  fire  being  applied  below  the 
grate.  The  calcined  blende  was  crushed  and  then  roasted  dead  in 
reverberatory  furnaces.  The  employment  of  stalls  is  unknown  to  the 
author.  Neither  of  the  above  modes  of  calcination  is  probably  in 
use  at  the  present  day. 

Calcination  in  Shaft  Furnaces 

Shaft  furnaces  are  employed  for  the  preliminary  roasting  of  lump 
ore  or  of  concentrates.  In  both  cases  the  sulphur  dioxide  that  escapes 
during  this  preliminary  roasting  is  to  be  utilised  for  sulphuric  acid 
manufacture.  The  partly  roasted  ores  are  then  completely  de- 
sulphurised in  reverberatory  furnaces  without  any  attempt  being 
niade  to  utilise  the  sulphur  dioxide  that   escapes  in  this   further 

1  Berg-  und  Hutteam.  Ztg.  1872,  pp.  53-61. 
VOL.  U  E 
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roasting.  Lump  blende  may  be  part  roasted  in  kilns  or  p\Tite> 
burners ;  for  the  preliminary  roasting  of  pulverulent  blende  tht- 
Gerstenh()fer  furnace  has  come  into  use. 


Calcination  of  Lump  Blende  in  Shaft  FuvTuices 

Kilns  or  pyrites  burners  may  be  employed  for  roasting  blende  in 
lumps. 

Kilns  are  moderately  high  shaft  furnaces,  in  which  the  ore  to  be 
roasted  rests  either  upon  a  grate  or  upon  a  flat  or  saddle-shaped 
floor.^  They  are  distinguished  from  pyrites  burners  by  their  greater 
height  (4  feet  9  inches  to  6  feet  9  inches),  and  they  keep  ihi- 
temperature  better  together  than  the  latter.  They  are,  therefon^ 
specially  suitable  for  the  calcination  of  blendes  which  are  low  in 
pyrites  and  in  sulphur.  The  shaft  of  these  kilns  is  rectangular  or 
square  in  ofoss  section,  3  feet  3  inches  to  5  feet  wide  in  the  clear,  and 

5  feet  to  8  feet  3  inches  long  in  the  clear.  As  soon  as  the  blende 
has  taken  fire,  it  continues  to  burn  by  itself  on  account  of  the  heat 
generated  by  the  oxidation  of  its  constituents,  and  this  produces  the 
temperature  requisite  to  maintain  the  calcination.  In  favourable 
cases  the  sulphur  may  be  removed  down  to  6  to  8  per  cent.  Up<»ii 
the  average,  the  quantity  of  ore  put  through  in  one  shaft  amounts  tc« 
1  ton  per  24  hours.  In  the  Freiberg  kilns,  whose  construction  has 
been  described  in  Vol.  I.,  p.  63,  1*2  tons  of  blende  are  roasted  in 
24  hours,  from  30  per  cent,  of  sulphur  down  to  8  per  cent.,  calcined 
ore  being  drawn  four  times.  This  ore  is  then  ground  and  calcined 
in  reverberatory  furnaces  down  to  1  per  cent,  of  sulphur. 

Pyrites  burners  are  low-shaft  furnaces  in  which  the  ores  to  bt* 
roasted  lie  upon  a  grate  of  movable  bars.  These  have  been  descriK-d 
and  illustrated  in  Vol.  I.,  p.  47  et  seq.  They  are  suitable  for  the 
preliminary  calcination  of  easily  combustible  blendes,  and  will  tna: 
smaller  pieces  (down  to  walnut  size)  than  will  kilns.  The  sulphur 
may  be  brought  down  to  6  to  8  per  cent.  At  Letmathe,  near 
Iserlohn,^  pyrites  burners  were  employed,  6  feet  3  inches  to  6  feet 

6  inches  in  length  and  width,  and  4  feet  3  inches  to  4  feet  6  inches 
high,  each  with  one  working  door  in  either  of  the  free  sides,  several 
such  furnaces  being  built  together  in  a  block.  Each  shaft  roasted 
1  ton  of  zinc  blende  in  24  hours  down  to  7  per  cent,  of  sulphur. 
The  roasted  ore  was  then  roasted  dead  in  reverberatory  furnaces. 

At  Lipine,  pyrites  burners  were  in  use  in  1895  the  height  of 
which  above  the  floor  of  the  works  is  9  feet  2  inches ;  the  shaft  is 
1  Vol.  I.  p.  53.  2  Kerl,  MttallhiUtenkund^,  p.  439. 
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4  feet  1  inch  square.  Twenty-six  furnaces  form  a  block.  The  height 
of  the  layer  of  blende  above  the  grate  amounts  to  16  inches.  In  24 
hours  half  a  ton  of  blende,  containing  25  per  cent,  of  sulphur,  is 
njasted  down  to  10  per  cent.  The  gases  evolved  contain  6  per  cent, 
by  volume  of  sulphur  dioxide.  One  attendant  is  required  to  every 
10  furnaces,  working  a  12-h()ur  shift.  The  roivsted  blende  is  crushed 
in  rolls  and  then  roasted  dead  in  reverberatory  furnaces. 

At  the  Recke  Works,  near  Rosdzin,  in  Upper  Silesia,  pyrites 
burners  were  in  use  in  1895,  the  shaft  being  3  feet  3  inches 
wide  and  deep,  with  a  total  height  of  8  feet  2  inches.  The  blende  is 
broken  to  nut  size,  and  contains  24  to  33  per  cent,  of  sulphur.  The 
height  of  the  layer  above  the  grate  amounts  to  2  feet.  In  24  hours, 
7  cwts.  of  blende  are  roasted  in  each  shaft  down  to  7  per  cent,  of 
sulphur ;  the  escaping  gases  contain  7  per  cent,  by  volume  of  sulphur 
dioxide.  There  are  23  to  30  such  shafts  combined  to  form  one 
block ;  each  such  block  requires  two  attendants  with  two  assistants 
per  day.  The  calcined  ore  is  ground  between  rolls  and  then  roasted 
(lead  in  long-bedded  calciners.  The  output  of  a  set  of  rolls  is  100 
tons  in  12  hours. 

Calcination  of  Crushed  Blende  in  Shaft  Furnaces 

As  far  as  the  author  knows,  Gerstenhofer  furnaces  are  the  only 
ones  of  this  class  that   have  come  into  use  up  to  the  present  for 
calcining  pulverulent  blende.     These  furnaces,  which  are  specially 
adapted   for  pyritic  blende,  have  been  described  and  illustrated  in 
Vol.  I.,  p.  56.     If  the  result  is  to  be  satisfactory,  the  blende  must  be 
crushed  very  small,  entailing,  however,  the  objection  of  the  formation 
of  a  considerable  quantity  of  flue-dust.     Even  in  the  most  favourable 
conditions,  the  sulphur  can  nevertheless  not  be  brought  down  below 
5  or  6  per  cent.,  so  that  even  here  a  subsequent  calcination  in  reverbera- 
tory furnaces  is  necessary ;  the  Gerstenhofer  furnace  can  also  be  used 
^or  this  after-calcination  by  converting  the  lower  part  of  it  into  a 
<:ind  of  reverberatory  furnace  by  means  of  a  lateral  fireplace.     In 
.his  case  the  escaping  gases  cannot  be  utilised  in  the  manufacture  of 
;ulphuric  acid,  so  that  the  emplojmaent  of  a  long-bedded  furnace  for 
,he  dead  roasting  of  the  blende  is  preferable ;  the  arrangement  of  a 
Gerstenhofer  furnace  combined  with  an  auxiliary  fireplace  is  shown 
n  Fig.  16.     T  is  the  lower  part  of  the  shaft  with  the  carriers  t  for  the 
>re ;  F  is  the  fire-grate  from  which  the  products  of  combustion  pass 
hrough  the  flue  c  into  the  shaft,     -ffis  a  portion  of  the  dust  chamber ; 
:  is  a  screw  for  the  conveyance  of  the  calcined  ore  into  the  waggon  w ; 
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A;  is  a  flue  which  conveys  the  sulphur  dioxide  escaping  from  the 
residues  into  the  stack.  In  the  Gerstenhofer  furnace  1  to  2  tons  of 
blende  can  be  roasted  in  24  hours.  It  has  the  objection  that  a  very 
considerable  amount  of  flue-dust  is  produced,  and  for  this  reason  has 
only  been  definitely  employed  in  a  small  number  of  works.     It  has 


Fig.  16. 


been  used  for  calcining  blende  at  the  Mulden  works,  near  Freiberg 
and  at  Swansea,  in  England. 


CalciTiation  in  Beverberatory  Furnaces 

Reverberatory  furnaces  should,  as  a  rule,  be  employed  for  tht 
calcination  of  zinc  blende  when  the  gases  produced  are  not  to  b 
utilised.  In  cultivated  countries  the  sulphur  dioxide  formed  ij 
these  furnaces  can  only  be  allowed  to  escape  into  the  air  in  i 
highly  dilute  condition,  or  else  it  has  first  to  be  rendered  innocuoiu 
Reverberatory  furnaces  admit  of  a  rapid  and  complete  calcinatioi 
and  require  less  fuel  and  labour  than  muffle  furnaces.  Of  grate-fire< 
reverberatories,  only  that  of  Spirek  (p.  31)  has  come  into  use  for  th 
calcination  of  calamine.  Nothing  is  known  as  to  its  eflSciency  i 
roasting    blende ;    nor    has    it  yet   been   established   whether  th 
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Stetefeldt  furnace  (which  gives  such  good  results  as  regards 
fuel  consumption,  capacity  and  attendance  in  the  chloridising 
roasting  of  silver  ores)  is  suitable  for  roasting  zinc  blende.  The 
rabbling  and  stirring  of  the  crushed  ore  requisite  for  a  good  calcina- 
tion may  be  performed  either  by  hand-work  or  mechanically.  The 
working  chamber  of  the  reverberatory  furnace  is  either  fixed  or  else 
movable.  In  the  latter  case,  the  hearth  alone  may  either  be  rotated 
or  else  the  whole  working  chamber  may  be  movable.  We,  therefore, 
have  to  distinguish  between — 

Fixed  Reverberatory  Furnaces. 

Reverberatory  Furnaces  with  Movable  Hearths. 

Reverberatory  Furnaces  with  Movable  Working  Chambers 
(rotating  cylinders). 

Solid  fuels  are  generally  employed,  though  in  Jola  in  the  United 
States  natural  gas  is  used  with  conspicuous  success  both  for 
mechanical  and  hand-worked  furnaces. 

CalcincUion  in  Fixed  Reverberatory  Furnaces 

Fixed  reverberatory  furnaces  may  be  divided  into  those  worked 
by  hand  and  those  worked  by  machinery.  The  latter  kind  should  be 
employed  in  districts  where  the  cost  of  labour  is  high,  whereas  where 
labour  is  cheap  the  former  class  should  have  the  preference  both  over 
the  latter  types,  as  also  over  reverberatory  furnaces  with  movable 
hearths  or  working  chambers. 

Calcination  in  Fixed  Reverberatories  worked  by  Hand 

It  is  only  in  rare  cases  that  such  furnaces  are  heated  by  the 
waste  heat  from  zinc  reduction  furnaces.  Such  an  employment  of 
waste  heat  cannot  be  recommended,  seeing  how  much  care  is 
required  in  the  calcination  of  zinc  blende,  and  seeing  that  the 
temperature  which  the  various  stages  of  this  roasting  require  has  to 
be  carefully  graduated.  As  a  rule,  therefore,  the  calcination  of  zinc 
3lende  should  be  carried  on  independently  of  the  reduction  furnaces. 

Independent  Reverberatory  Furnaces  worked  by  Hand 

These  furnaces  are  best  built  as  long-bedded  furnaces  working 
•ontinuously  {Fortschaufelungsofen),  Smaller  furnaces  working  inter- 
iiittently,  in  which  the  whole  charge  is  fed  in  at  once  and  withdrawn 
similarly,  are  not  to  be  recommended  owing  to  their  small  output  and 
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high  cost  for  labour  and  fuel.  Such  furnaces  have  probably  passed 
entirely  out  of  us6.  The  long-bedded  furnaces  are  best  fitted  with 
only  one  hearth,  these  presenting  the  advantages,  as  compared  to 
those  with  several  hearths,  one  above  the  other,  of  smaller  first 
cost,  less  need  for  repairs,  and  greater  facility  in  working  and 
charging ;  the  latter  kind  should  only  be  used  where  ground  space 
is  either  very  valuable  or  not  obtainable.  The  heat  economised  by 
several  hearths  is  not  of  any  importance.  It  may  also  be  saved  with 
furnaces  having  but  one  hearth,  if  the  products  of  combustion 
are  carried  off  through  arched  flues  disposed  under  the  hearth, 
and  if  the  furnace  itself  is  coated  with  a  non-conductor  of  heat.  In 
spite  of  the  above  objections  furnaces  with  two  hearths  have  up  to 
the  present  received  the  preference  over  those  with  one  hearth.  The 
length  of  the  hearth  depends  upon  the  sulphur  contents  of  the 
blende.  As  the  sulphur  acts  as  fuel,  the  hearth  may  be  longer  the 
greater  the  percentage  of  sulphur  in  the  blende.  Experience  has  shown 
that  with  single  hearth  furnaces  the  hearth  should  not  exceed  40 
feet,  and  that  with  two  hearths  placed  one  above  the  other  the  sum 
of  the  two  hearths  should  not  be  greater  than  50  feet.  A  greater 
length  than  the  above  is  not  beneficial  as  regards  the  result  of  the 
calcination  ;  it  increases  the  first  cost  and  requires  more  labour.  The 
width  of  the  hearth  must  be  such  that  the  ore  can  readily  be  rabbled 
and  pushed  on.  If  the  furnace  only  possesses  w^orking  doors  in  one 
of  its  long  sides,  which  seems  to  be  an  advantage  in  the  calci  nation 
of  blende  in  order  not  to  dissipate  heat,  its  width  must  not  greatly 
exceed  8  feet.  If,  on  the  contrary,  it  has  workir.g  doors  on  both  of 
its  long  sides,  the  width  of  the  hearth  may  be  increased  up  to  13  feel. 
Such  furnaces  are,  however,  only  employed  exceptionally,  because  a 
uniform  calcination  is  more  difficult  in  them,  and  the  consunipti<m 
of  fuel  is  increased.  The  number  of  working  doors  must  be  kept  as 
low  as  possible,  as  the  furnace  is  cooled  by  them.  In  order  to 
economise  heat,  it  is,  therefore,  usual  to  have  the  working  doors  in 
one  side  only,  in  spite  of  the  greater  difficulties  in  working.  Experiemv 
has  shown  that  the  distance  between  the  centre  lines  of  two  adjacent 
working  doors  should  not  exceed  8  feet,  for  the  sake  of  convenience  in 
working.  The  projections  between  the  working  doors  must  also  be 
kept  as  small  as  possible.  The  distance  between  the  hearth  and  tho 
arch  of  the  roof  should  not  greatly  exceed  18  inches.  To  utilise  the 
heat  to  the  best  advantage,  it  is  usual  to  incline  the  arch  of  the  ro-.^f 
downwards,  or  to  allow  the  hearth  to  rise  either  uniformly  or 
stepwise,  towards  the  flue-bridge.  As  very  high  temperatures  are  nor 
required  for  calcination,  an  ordinary  grate-fire  is  generally  employed 
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gas-firing  is  only  made  use  of  when  inferior  fuels,  or  fuel  that  will  not 
give  a  long  flame,  are  alone  available.  The  construction  of  such  a 
long-bedded  calciner  for  the  calcination  of  zinc  blende  does  not  differ, 
except  as  regards  dimensions,  from  the  furnace  described  and  illus- 
trated in  Vol.  I.,  p.  76.  In  a  single-hearth  calciner  40  feet  in  length, 
8  to  10  feet  wide,  with  a  grate  6  feet  6  inches  long  and  18  inches  wide, 
3  tons  of  zinc  blende  can  be  roasted  in  24  hours  with  a  consumption 
of  1  ton  of  coals,  and  with  one  man  per  shift.^     The  ore  is  introduced 
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FiQS.  17  and  18. 


in  charges  of  15  cwts.  through  an  opening  in  the  roof  of  the  flue,  and 
Ls  pushed  forward  at  intervals  of  6  hours.  Accordingly,  there  are  four 
charges  of  ore  in  the  furnace  at  once,  and  15  cwts.  are  drawn  every  6 
hours.    The  ore  is  rabbled  in  15-minute  intervals. 

liong-bedded  calciners  with  several  hearths  usually  possess  two  of 
the  latter;  more  than  two  are  only  used  exceptionally.  The  construc- 
tion of  such  a  double-hearth  ftimace  is  shown  in  Figs.  17  and  18.^ 
Four  such  furnaces  are  built  together  to  form  a  block  ;  c  is  the  grate, 

'  Tbum,  op.  cit.  p.  202.  «  Berg-  und  HiUtenm.  Ztg.  1877,  p.  100. 
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lying  2  feet  4  inches  below  the  fire-bridge  dy  which  is  hoUuw  and 
cooled  by  an  air  flue ;  a  is  the  lower  hearth,  a,  the  upper  hearth. 
the  length  of  each  being  15  feet  3  inches,  and  their  clear  width 
8  feet;  e  is  the  flue  through  which  the  products  of  combustion  escape 
into  the  condensing  flues  6^,  and  thence  to  the  flue  /,  leading  to  the 
stack.  To  each  block  of  four  furnaces  there  is  one  stack  ;  %  is  tht 
ashpit,  i,  k  are  the  working  doors,  g  is  an  opening  closed  during 
calcination,  through  which  the  calcined  blende  can  be  dropped  into 
the  vault.  In  such  a  furnace  3  to  4  tons  of  blende  are  roasted  in  24 
hours,  with  one  man  on  each  shift,  and  with  a  consumption  of  30 
per  cent,  of  fuel.  These  furnaces  have  been  generally  replaced  bv 
muffle  furnaces,  since  the  latter  allow  of  the  utilisation  of  the  funiacy 
gases.  They  have  been  used  at  the  zinc  works  in  Upper  Silesia, 
Westphalia  and  Belgium.  In  these  from  2i  to  6  tons  of  ore,  accord- 
ing to  the  size  of  the  furnace,  are  put  through,  with  a  consumption 
of  from  25  to  40  per  cent,  of  coal,  according  to  the  quality.  For  the 
smaller  furnaces  treating  up  to  3  tons,  one  workman  per  shift  is 
enough ;  for  the  larger  furnaces  two  men  are  required. 

At  Oberhausen^  the  furnace  hearths  are  each  21  feet  4  inches  long 
and  6  feet  6  inches  wide.  The  cross  section  of  the  grate  is  6  feot 
6  inches  by  1  foot  4  inches.  In  24  hours,  3  tons  of  ore  are  put  through, 
with  a  consumption  of  12  to  14  cwts.  of  small  bituminous  coal,  con- 
taining 11  per  cent,  of  ash.  The  calcined  ores  contain  0*57  to  0*83 
per  cent,  of  sulphur.  The  loss  of  zinc  during  calcination  does  not 
exceed  0*75  per  cent.  At  Ammeberg,*  in  Sweden,  similarly  con- 
structed furnaces  are  used,  fired  by  gas.  In  24  hours,  3  tons  2  cwt& 
of  blende  are  calcined  down  to  1*20  to  1*25  per  cent,  of  sulphur,  with 
a  consumption  of  11  cwts.  of  small  coal.  Four  furnaces  are  worked 
by  a  staff  of  20  men  in  two  12-hour  shifts.  At  MUnsterbusch,  near 
Stahlberg,  a  furnace  with  hearths  20  feet  7  inches  in  length  and  9 
feet  3  inches  in  width,  having  5  working  doors  along  one  side,  cal- 
cined 2  J  tons  of  blende  per  24  hours  in  4  charges,  with  a  consumption 
of  39  cubic  feet  of  coal.  Every  6  hours  a  charge  of  ore  was  drawn 
fi"om  the  furnace,  and  a  new  charge  was  put  in.  Three  hours  after 
each  charging,  all  the  ore  contained  in  the  furnace  was  thoroughly 
rabbled.  At  the  Hohenlohe  Works,  near  Katowitz,  in  Upper  Silesia, 
there  are  double-bedded  furnaces,  with  5  working  doors  along  one  of  thf 
longer  sides.  Three  charges  of  1  ton  each  are  contained  simultaneously 
in  the  furnace,  two  on  the  upper  and  one  on  the  lower  hearth. 
Each  charge  remains  for  5  hours  before  it  is  moved  forward,  so  thai 
the  ore  remains  altogether  15  hours  in  the  furnace.     Every  5  hours  a 

*  Mahler,  Aiitiaie»  (ks  Mines,  vol.  vii,  book  iii,  p,  16*4,  1885,  '^  Jhid, 
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charge  is  drawn  from  the  fiimace,  and  a  new  charge  introduced  upon 
the  upper  hearth.  In  24  hours  some  5  tons  of  blende  are  calcined 
down  to  1  per  cent,  of  sulphur  in  one  such  furnace,  with  a  fuel  con- 
sumption amounting  to  25  per  cent,  of  the  weight  of  the  raw  ore. 
The  escaping  gases  contain  1  per  cent,  by  volume  of  sulphur  dioxide. 
For  the  absorption  of  the  latter  they  are  made  to  pass  upwards  and 
downwards  through  towers  containing  milk  of  lime,  and  finally  dis- 
charged into  a  stack  328  feet  high.  At  the  Silesian  Works,  near 
Lipine,  double-hearth  calciners  were  in  use.  The  length  of  the 
hearths  amounted  to  22  feet,  the  width  to  6  feet  6  inches.  There 
were  4  to  5  working  doors  to  each  hearth.  The  furnace  contained 
3  charges  of  13  cwts.  each  at  one  time.  In.  24  hours  a  furnace  put 
through  5  tons  2  cwts.  of  blende,  with  a  consumption  of  24  cwts.  of 
inferior  coal.  The  labour  employed  in  the  12-hour  shift  amounted 
to  2{  men,  two  of  whom  looked  after  the  calcining  and  the  firing ;  a 
labourer,  working  a  quarter  shift,  looked  to  the  charging  of  the 
blende  and  wheeled  in  the  coals.  At  the  Recke  works,  near  Rosdzin, 
double-hearth  calciners  were  in  use,  the  length  of  each  hearth  being 
20  feet  The  width  amounted  to  6  feet  6  inches,  with  six  working 
doors  to  each  hearth.  In  24  hours,  3^  tons  of  blende  were  calcined, 
with  a  consumption  of  1  ton  of  small  coal.  One  man  worked  the 
furnace  on  a  12-hour  shift.  At  the  CiJJi  ^  works  a  part  of  the  blende, 
poor  in  sulphur,  is  calcined  in  double-hearth  furnaces,  each  hearth 
being  25  feet  long  and  8  feet  broad,  with  working  doors  along  one  of 
the  longer  side&  In  24  hours  3  charges  of  15  cwts.  each  are  roasted. 
The  decrease  in  the  sulphur  and  the  formation  of  zinc  sulphate 
during  the  calcination  of  blende  in  a  double-bedded  calciner  at 
the  works  of  the  Vieille  Montague,  near  Fldne,  in  Belgium,  are 
shown  in  the  following  table,  in  which  A  designates  uncalcined  ore, 
Z  calcined  ore,  2  to  8  the  various  samples  taken  one  after  another : — 


I  Sample. 

I 

'a     .   .  ., 

2 

3 

4  .    .    .    . 

5  ... 
6.        .    . 

7  .    .    -   . 

8  .    . 

Z      .    . 


Zinc  sulphide 

Zinc  sulphate 

Zinc  oxide 

per  cent. 

per  cent. 

per  cent. 

a3o 

!         o' 

0 

70-5 

3-7 

15-2 

52-2 

3-9 

34-6 

51-6 

4-2 

38-0 

43-0 

11-0 

41-5 

23-2 

12-3 

57-8 

17  "7 

7-8 

65  0 

8-6 

6-2 

75-5 

1-9 

5-9 

81  0 

*  Berg-  ujid  Huittnm,  Ztfj.  No.  4,  1894. 
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A  similar  comparison  of  the  results  of  calcining  blende  in  a  single- 
hearth  reverberatory  furnace  at  the  works  of  the  Austro-Belgian 
Company  at  Corphalie,  in  Belgium,  is  as  follows  : — 


Sample. 

ZIuc  sulphide 

Zinc  sulphate 

Zinc  oxide 

per  ceut. 
64  5 

per  cent. 

per  cent. 

A 

0 

0 

2. 

58-0 

3  4 

4-6 

3 

38  0 

7-9 

19-0 

4. 

17-5 

8-4 

390 

5. 

lOD 

2-6 

50-5 

^ 

1-2 

2-2 

59-7 

Multiple-hearth  furnaces  were  used  at  La  Salle  in  the  State  of 
Illinois,  United  States  of  America.^  The  separate  hearths  fomi 
shelves  placed  alternately  one  above  the  other,  as  in  the  Maletra 
furnace  (Vol.  I.,  page  66),  over  which  the  ore  passes  firom  top  to 
bottom,  whilst  the  flames  and  products  of  combustion  travel  in  the 
opposite  direction.  The  furnace  forms  a  cube  of  15  feet  side  and 
is  composed  of  5  separate  divisions  lying  side  by  side,  each  3  feet 
wide  and  15  feet  long.  Each  of  these  divisions  has  8  hearths  one 
above  the  other,  as  described.  Each  furnace  of  5  compartments 
puts  through  36  cwts.  of  blende  in  24  hours.  Recently  the  muffle 
furnaces,  hereafter  to  be  described,  have  been  employed  at  La  Salle. 

Eeverberatory  Furnaces  heated  by  the   Wade  Heat  of  Zinc  Reduction 
Furnaces  and  worked  by  Hand 

Such  furnaces  have  been  constructed  by  Thum  in  England, 
where  they  were  heated  by  the  waste  heat  of  a  Belgian  zinc  fiimace. 
Such  a  furnace  with  a  hearth  41  feet  long  and  10  feet  broad,  the 
height  of  the  arch  above  the  hearth  being  2  feet,  was  in  operation  at 
Bagillt,  and  calcined  30  to  32  cwts.  of  blende  in  24  hours.  Thes*? 
furnaces  are  open  to  the  serious  objection  that  the  calcination 
is  entirely  dependent  upon  the  working  of  the  reduction  furnaces, 
and  are,  therefore,  not  to  be  recommended.  Waste  heat  from  the 
reduction  furnace  can  be  employed  more  advantageously  for  other 
purposes. 

Calcination  in  Fixed  Reverheratory  Furna-ces  worked  by  Machinery 

The  furnaces  belonging  to  this  class  are  furnaces  w4th  movable 
rabbles   for    stirring    the    blende.     As   the    movable   portions  an 
*  Leob,  Jahrb,  vol,  xxvii.  p.  316,  1879. 
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continually  in  need  of  repair  and  occasion  no  inconsiderable  expense, 
such  furnaces  can  only  be  employed  with  advantage  in  districts 
where  wages  are  high.  These  furnaces  are  used  particularly  in  the 
United  States.  Experimentally,  a  furnace  of  this  kind — that  of  Ross 
and  Welter — was  employed  at  Obcrhausen.^  This  furnace  consists  of 
three  hearths,  one  above  the  other,  of  which  the  lowest  is  straight 
like  that  of  a  long-bedded  calciner,  w^hilst  the  two  upper  hearths 
are  circular;  in  the  two  upper  hearths  rabble-arms,  attached  to  a 
vertical  shaft,  are  rotated  as  in  Parkes  s  furnace  (Vol.  I.,  page  92). 
There  is  a  charging  apparatus  which  delivers  the  ore  to  the  top- 
most hearth,  and  by  means  of  the  revolving  rabbles,  which  make 
one  revolution  per  minute,  it  is  stirred  and  gradually  transferred 
to  the  lower  hearth.  It  is  here  again  stirred  by  the  rabble  revolving 
once  per  minute,  and  gradually  pushed  on  to  the  bottom  hearth, 
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where  it  is  rabbled  and  advanced  by  hand.  The  rabbles  are  secured 
to  a  sleeve,  through  which  passes  a  vertical  hollow  cast-iron  shaft. 
The  latter  is  moved  by  gearing,  and  thus  sets  the  sleeve  in  motion ; 
air  is  made  to  pass  through  the  hollow  shaft  in  order  to  cool  it.  In 
this  furnace,  which  is  worked  by  one  man,  3  tons  of  blende  are  said 
to  be  put  through  in  24  hours,  with  a  consumption  of  15  cwts.  of  coal. 
This  furnace  would  appear  to  be  identical  with  one  patented  by  the 
Vieille  Montague  Company,*  except  that  the  latter  has  three  round 
hearths.  The  construction  of  the  patented  furnace  is  shown  in  Fig.  19. 
Ay  A  are  the  three  round  hearths  situated  one  below  the  other,  Y  is 
the  rectangular  hearth,  Xis  the  fire-grate.  The  products  of  combus- 
tion first  pass  over  the  hearth  F,  and  then  over  the  round  hearths 
one  after  the  other,  as  shown  in  the  figure  by  the  arrows.     From  the 

'  Mahler,  Berg-  und  Ilutttnm.  Ztg.  p.  180,  1886,  »  Ger.  Pat.  No.  24155. 
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topmost  hearths  they  pass  to  the  dust  chamber  C,  and  from  the  latter 
to  the  flue  B,  The  ore  is  charged  by  means  of  a  hopper  a,  and 
delivered  by  means  of  grooved  rollers  on  to  the  topmost  hearth  of  the 
furnace,  whence  it  is  gradually  transferred  by  means  of  the  rabblas  to 
the  lower  hearths,  and  ultimately  on  to  the  rectangular  hearth,  where 
it  is  worked  by  hand,  and  finally  drawn  off  in  the  calcined  state.  The 
shaft  h  of  the  rabbles  is  surrounded  by  a  cast-iron  cylinder,  which  is 
so  attached  to  the  shaft  that  it  rotates  with  it ;  air  enters  the  hollow 
space  between  the  shaft  and  the  cylinder  from  the  flue  W,  in  order  to 
cool  the  shaft,  and  escapes  at  its  upper  portion  situated  outside  the 
furnace.  A  hollow  shaft  could  also  be  employed  (as  in  the  furnace  of 
Ross  and  Welter),  the  rabble  arms  being  attached  to  a  sleeve  consist- 
ing of  two  halves;  this  sleeve  is  secured  to  the  shaft  or  to  the 
cast-iron  cylinder.  On  each  bed  there  are  two  rabble-arms,  e,  secured 
to  the  shaft ;  the  one  is  provided  with  tines  placed  radially,  whilst 
inclined  blades  are  attached  to  the  other.  The  teeth  rabble  the  ore, 
whilst  the  inclined  blades  of  the  other  arms  push  it,  according  to  their 
direction,  either  towards  the  middle  or  towards  the  circumference  of 
the  hearth,  where  it  passes  through  suitably  disposed  openings  on  to 
the  hearth  below. 

The  furnaces  of  Ropp,  Wethey,  Pearce  and  Brown  are  used  in 
the  United  States. 

Pearce*s  furnace  is  represented  in  Figs.  20 — 28.  A  is  the  hearth 
with  a  wedge-shaped  piece  removed  at  B  for  the  discharge  of  the 
roasted  ore.  Beneath  the  hearth  runs  the  dust-chamber  C,  through 
which  the  gases  pass  in  the  opposite  direction  to  that  Which  they 
take  on  the  hearth.  D  and  E  are  the  two  fireplaces,  from  which  the 
flames  pass  over  a  protecting  arch  into  the  hearth,  and  thence,  together 
with  the  products  of  calcination,  through  a  descending  flue  into  the 
dust-chamber.  Figs.  24  and  25  show  the  slot  in  the  inner  wall, 
through  which  the  rabble-arms  H  (Figs.  20  and  21)  project.  These 
are  attached  to  the  hollow  hub  J,  which  is  carried  on  a  hollow 
stationary  central  column.  Through  it  air  is  conveyed  into  the 
hollow  hub,  and  thence  through  the  hollow  rabble-arms  H,  The 
upper  portion  of  the  inner  wall  is  hung  (Figs.  20,  21)  to  8  iron 
I-shaped  girders  K  by  means  of  the  stirrups  Ic  and  the  cross-beams 
L,  The  rabble-arms  are  braced  by  means  of  tie-rods  A.  They  are 
set  in  motion  by  spur  gearing,  the  larger  spur-wheel  being  kept  in  it^s 
position  by  the  rollere  (Fig.  20).  The  weight  of  the  rabble-arms 
and  of  the  spur  gearing  is  taken  by  conical  rollers  running  on  a 
circular  track,  so  that  there  is  no  load  on  the  hub  J  (Figs.  20  and 
21).     The  driving  shaft  jp  traversing  the  dust-chamber  G  is  protected 
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by  means  of  a  5-inch  iron  pipe  P,  The  blast  enters  the  central 
column  through  the  blast  pipe  -B,  whence  it  traverses  the  hollow  hub 
/  and  the  tubular  rabble-arms  H ;  the  latter  are  furnished  with  open- 
ings and  short  pipes  (Fig.  22)  through  which  the  blast  streams  out 
into  the  hearth.  It  thus  cools  the  portions  of  the  rabble-arms 
exposed  to  the  heat  and  on  escaping  into  the  hearth  also  the  plough 
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blades,  and  is  at  the  same  time  itself  heated  and  assists  in  effecting 
the  oxidation  of  the  ore.  A  certain  amount  of  air  is  also  introduced 
in  a  heated  state  by  traversing  passages  in  the  outer  wall.  No  air  is 
needed  in  the  first  part  of  the  hearth  in  which  the  ore  is  heated  up ; 
the  blast  is,  therefore,  cut  off  opposite  the  ore  hopper  by  means  of 
valves  (Figs.  20,  21). 
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The  ore  is  fed  into  the  hearth  automatically  from  the  hopper  S 
(Fig.  21),  and  distributed  by  the  stops  e  on  rabble-arms.  It  is 
gradually  moved  forward  by  the  rabbles  and  discharged  at  B  into  a 
car.  The  inner  wall  of  the  furnace  is  strutted  with  iron  rails.  The 
slot  in  the  wall  is  closed  by  a  steel  strip  1  foot  high  (Figs.  26  and  27), 
which  moves  with  the  rabble-arms,  and  is  pressed  against  the  edges  of 
the  slot  by  weighted  bell-crank  levers  ;  these  levers  are  pivoted  upon 
a  ring  of  angle-iron,  bolted  to  the  rabble-arms.  The  fireplaces  have 
step-grates  (Figs.  24  and  25) ;  the  fuel  (coal)  is  fed  by  means  of 
hoppers  with  automatic  feed  mechanism. 

There  are  4  rabble-arms,  and  the  machinery  for  working  these 
and  the  blast  consumes  2  horse-power.  One  man  attends  the  furnace 
in  a  12  hours  shift. 
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The  Brovm  horseshoe  furyiace  is  a  circular  furnace  with  a  considerable 
gap,  thus  taking  the  form  of  a  horseshoe. 

Its  construction,  as  built  by  Messrs.  Fraser  and  Chalmers,  of 
Chicago,  is  shown  in  Figs.  29  to  35.  Fig.  29  is  a  ground  plan ;  Fig. 
30  a  vertical  section  through  the  furnace  proper;  Fig.  31  a  vertical 
section  through  the  hearth  and  flue;  Fig.  32  a  vertical  section 
through  the  flue  to  the  stack ;  Fig.  33  a  vertical  section  through  the 
fire-grate  and  hearth ;  Fig.  34  a  vertical  section  through  the  rear  end 
of  the  furnace,  where  the  ore  is  discharged ;  and  Fig.  35  a  vertical 
section  through  the  front  or  charging  end. 

As  is  shown  by  the  plan  of  the  furnace,  the  hearth  occupies  about 
four-fifths  of  the  annular  space,  one-fifth  of  the  latter  lying  between 
the  two  ends  of  the  hearth ;  this  latter  space  is  left  free  and  serves  to 
cool  the  rabbles  passing  over  it.  On  either  side  of  the  hearth  there 
are  annular  divisions  which  are  connected  with  the  hearth  by  a  broad 
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slot  In  the  division  nearer  to  the  centre  a  rail  is  laid  upon  which 
carriages  run  connected  with  the  rabbles.  In  the  outer  division  a 
path  of  hard  fire-brick  tiles  is  laid,  on  which  run  carriages  fitted  with 
broad  wheels,  and  also  connected  with  the  rabbles.  These  carriages, 
and  the  rabbles  attached  to  them,  are  kept  in  motion  by  a  circular 
endless  wire  rope  running  over  guide  sheaves  and  tension  pulleys. 

There  are  three  fireplaces  situated  outside  the  outer  circumfer- 
ence of  the  hearth ;  the  flames  pass  through  a  short  horizontal  flue, 
and  thence  through  an  aperture  in  the  arch  into  the  hearth  itself 
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(Fig.  33).  They  there  unite  and  traverse  the  length  of  the  hearth, 
escaping  through  several  flues  close  to  the  charging  end  of  the 
furnace ;  these  flues  lead  into  a  main  flue  which  communicates  with 
the  stack  situated  at  the  centre  of  the  circle  enclosed  by  the  furnace 
(Figs.  29  to  32). 

The  power  consumption  of  the  furnace  is  said  to  be  1^  horse- 
IKJwer. 

The  ore  is  fed  in  automatically  at  the  flue  end  of  the  furnace 
(Figs.  35  and  29)  and  carried  forward  by  the  rabbles,  of  which  there 
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are  two,  to  the  other  end,  where  it  is  discharged.  The  furnace  is  closed 
at  either  end  by  two  pairs  of  doors  of  sheet-iron  hung  on  hinges, 
which  are  lifted  by  the  motion  of  the  rabbles  and  then  close 
automatically.  These  doors  are  a  short  distance  apart  (Fig.  34),  and 
are  so  arranged  that  one  closes  before  the  other  can  open,  so  that  the 
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admission  of  cold  air  at  the  extremities  of  the  furnace  is  prevent^. 
At  intervals  in  the  outer  walls  of  the  furnace  are  peep-holes  which 
serve  also  as  air  inlets. 

This  furnace  is  used  with  success  at  the  Glendale  Zinc  Worb 
South  St.  Louis  and  at  Collinsville,  for  the  roasting  of  blende. 

At  the  works  of  the  Collinsville  Zinc  Co.,  Collinsville,  Illinok 
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such  a  furnace  with  four  fire-places  calcines  in  24  hours  10  tons  of 
blende  with  30  per  cent,  of  sulphur  down  to  0*85 — 1  per  cent,  of 
sulphur,  with  a  fuel  consumption  equal  to  6  tons  of  refuse  slack ;  on 
account  of  the  inferior  quality  of  the  coal,  the  above  figure  is  no 
criterion  of  the  real  consumption. 

The  construction  of  an  elliptical  Horseshoe  furnace  is  shown  in 
Figs.  36  to  39.  The  hearth  is  180  feet  long,  and  8  feet  wide.  The 
fire-places  are  built  along  the  inner  circumference  of  the  furnace. 
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The  author  has  no  information  as  to  the  application  of  this  furnace 
for  the  roasting  of  blende. 

A  long  furnace  similar  to  Ropp's  (Vol.  I.  p.  88),  adapted  for  firing 
with  natural  gas,  has  been  devised  by  J.  P.  Cappeau,^  and  introduced 
into  Jola.*  This  is  a  modification  of  the  Ropp  furnace.  Among 
others  may  be  mentioned  Halls  *  furnace,  a  modification  of  Wethey's  ; 
and  the  Zellweger  *  furnace,  which  is  fired  with  natural  gas. 

»  U.S.  Pat.  No.  691112,  Jan.  14,  1902. 

«  The  Mineral  Industry,  p.  666,  1902. 

»  U.S.  Pat.  No.  677510,  July  2,  1901. 

*  Ingalla,  The  Metailurgyof  Zinc  and  Cadmium,  p.  112. 
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Calcination  in  Revcrheratcmf  Furnaces  loith  Movable  HearUis 

Reverberatory  furnaces  with  movable  hearths  have  only  been  usi'<i 
exceptionally  on  account  of  their  high  consumption  of  fuel  and  their 
comparatively  small  output  compared  with  that  of  fixed  furnaces ;  aod 
on  account  of  these  objections,  as  also  on  account  of  the  high 
temperature  required  for  calcining  blende,  they  are  not  likely  to  come 
into  extensive  use.     Up  to  the  present,  they  have  only  been  employed 
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with  advantage  for  the  chloridising  roasting  of  copper  ores,  for  which 
process  a  very  low  temperature  is  required  (see  Gibbs  and  Gelstharp: 
furnace,  Vol.  I.,  page  102),  as  also  for  the  calcination  of  tin  ort=! 
containing  arsenical  pyrites,  which  likewise  does  not  require  a  high 
temperature  (Brunton  furnace,  see  under  Tin),  and  then  only  ia 
districts  where  the  cost  of  labour  is  high. 

Kuschel  and  Hinterhuber  have  designed  a  furnace  for  roastinc 
blende,  which  has  been  used  at  Johannisthal  in  Lower  Carinthia' 

1  Bevy-  und  HiUtenm,  ZUj.   1871,  p.  321  ;  1872,  p.  200. 
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This  furnace  is  provided  with  a  round  hearth  capable  of  revolving, 
and  with  rabble-teeth  of  fire-brick,  which  pass  through  the  roof  of 
the  furnace,  and  can  be  withdrawn  from  the  rabble-arm,  but  are  fixed 

F  2 
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during  the  progress  of  the  calcination.  There  arc  two  rabble-amis, 
each  with  five  teeth.  These  teeth  are  so  arranged  that  as  the  hearth 
revolves,  those  in  one  arm  occupy  the  position  of  the  furrows  produced 
by  those  in  the  other  arm.  These  teeth  are  hollow,  and  serve  als.» 
for  the  introduction  of  the  powdered  ore  into  the  furnace.  When  the 
oven  is  to  be  charged,  the  upper  ends  of  the  teeth  are  opened,  these 
being  closed  during  the  progress  of  the  operation  by  clay  plugs. 
They  are  raised,  and  by  means  of  a  funnel  powdered  ore  is  introduced 
into  them.  By  the  slow  turning  of  the  hearth  the  ore  then  becomes 
distributed  over  it.     When  the  furnace  is  to  be  emptied,  a  grating 
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formed  of  inclined  iron  plates,  which  is  withdrawn  into  a  nidial  slot  in 
the  furnace  arch  when  not  in  use,  is  let  down  upon  the  hearth,  as  in 
the  case  of  the  Gibbs  and  Gelstharpe  furnace,  and  by  this  means  the' 
calcined  ore  is  pushed  into  four  apertures  at  the  edge  of  the  hearth, 
and  thence  into  a  vault  beneath  the  furnace.  The  diameter  of  thi 
hearth  is  13  feet,  the  height  at  the  centre  is  20  inches,  and  at  th« 
circumference  7  inches  ;  the  arch  is  12  inches  in  thickness.  The  fumaoi 
is  fired  by  means  of  two  grates  lying  side  by  side,  the  products  ol 
combustion  escaping  through  13  flues  opposite  to  the  fireplace, 
order  to  promote  calcination,  water  vapour  is  injected  in  the  h^ 
stages.  In  24  hours  1  to  2  tons  of  blende  are  said  to  be  roastt-d  il 
this  furnace,  with  a  consumption  of  1*2  tons  of  coals.     The  roiv^tin 
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is  said  not  to  be  so  complete  as  might  be  desired.  On  account  of 
the  above-named  objections,  this  furnace  has  not  come  into  general 
use. 

In  the  same  category  may  be  placed  the  furnaces  of  Argall,* 
Blake- and  Godfrey.^ 

Calcination  in  Reverheratory  Furnaces  wiih  Movable  Working 
Chambers 

These  furnaces  are  composed  of  rotating  cylinders  working  inter- 
mittently or  continuously,  and  have  up  to  the  present  been  used  with 
great  advantage  for  the  oxidising  roasting  of  copper  ores  and  for  the 
chloridising  roasting  of  silver  ores,  in  districts  where  wages  are  high. 
8<j  far  as  is  known  to  the  author,  they  have  not  been  used  for  calcin- 
ing zinc  blende,  though  there  is  no  doubt  that  zinc  blende  could  be 
calcined  in  such  furnaces.  Considering  the  long  time  which  the 
complete  calcination  of  blende  requires,  and  the  high  temperature 
n'iiuisite  in  the  last  stage,  continuous-acting  furnaces  (inclined  cast 
^►rA\Tought-iron  cylinders,  with  fire-proof  lining  and  automatic  feed 
arrangements)  should  be  more  satisfactory  than  those  that  work 
intermittently  (e.y.,  Bruckner  furnaces).  As  it  is  doubtful  whether 
f^lcination  could  be  completed  in  one  of  these  cylinders,  it  might,  in 
case  of  necessity,  be  requisite  to  combine  several  of  these  furnaces, 
one  after  the  other.  Their  use  would  only  be  justified  in  districts 
where  wages  are  very  high. 

The  Neutralisation  of  the  Acids  of  Sulphur  Evolved  by 
Calcination  in  Reverberatory  Furnaces 

When  zinc  blende  is  roasted  in  reverheratory  furnaces,  whether  it 
has  undergone  a  previous  preliminary  roasting  or  not,  the  neutralisa- 
tion of  the  products  of  calcination,  containing  sulphur  dioxide, 
together  with  a  small  quantity  of  sulphur  trioxide,  plays  a  very 
important  part;  it  is  only  in  countries  which  are  as  yet  sparsely 
cultivated,  and  in  districts  in  which  vegetation  has  already  been 
destroyed  by  the  effect  of  these  gases,  that  the  latter  may  be  discharged 
direct  into  the  atmosphere  in  their  concentrated  form ;  in  all  other 
places  they  must  be  neutralised.  For  example,  in  Prussia,  the  main 
M*at  of  the  production  of  zinc,  such  gases  may  only  be  allowed  to 

>  U.S.  Pat.  No.  ©53202,  July  10,  1900. 

•  Ingalls,  The  Metallurgy  of  Zinc  arid  Cadmium,  p.  116, 

'  U.S.  Pat.  No.  e37864, 
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escape  into  the  air  when  their  contents  of  sulphur  dioxide  are  so 
small  that  no  injurious  action  upon  the  vegetation  is  to  be  feared. 
The  best  and  most  profitable  method  of  neutralisation  of  these  gases, 
viz.,  the  conversion  of  sulphur  dioxide  into  sulphuric  acid,  cannot  be 
applied  to  the  gases  evolved  from  reverberatory  furnaces,  because 
the  sulphur  dioxide  escapes  from  it  in  a  condition  of  such  excessive 
dilution  (less  than  2  per  cent,  by  volume),  and  because  it  is  inter- 
mixed with  the  products  of  combustion  of  ordinary  fuel,  which  have 
an  injurious  effect  upon  the  nitrous  gases  in  the  manufacture  of 
sulphuric  acid.  For  this  reason  reverberatory  furnaces  are  especially 
used  for  calcining  blende  in  those  cases  in  which  the  utilisation 
of  sulphur  dioxide  for  the  manufacture  of  sulphuric  acid  is  im- 
possible, owing  to  the  absence  of  any  market  for  the  latter.  The 
processes,  by  which  the  products  of  combustion  containing  sulphur 
dioxide  can  be  neutralised,  admit  only  exceptionally  of  the  latter 
being  utilised  at  the  same  time.  As  a  rule,  these  operations  increase 
markedly  the  cost  of  calcination.  All  attempts  up  to  the  present 
not  only  to  neutralise  but  at  the  same  time  to  utilise  the  gases  from 
reverberatory  furnaces  have  remained  fruitless,  because  they  have 
been  found  to  be  too  costly;  there  is  here,  therefore,  a  wide  field 
open  to  metallurgical  discovery.  Sulphur  dioxide  has  been  rendered 
innocuous  by  diluting  the  gases  containing  it  with  air,  or  by  absorbing 
it  by  means  of  water,  of  sulphuric  acid  of  50°  B.,  of  milk  of  lime,  of 
limestone  and  water,  of  oxide  of  zinc,  of  basic  zinc  carbonate,  of 
magnesia,  of  ferric  oxide,  of  ferric  sulphate,  of  solution  of  sodium 
sulphide,  of  calcium  sulphide,  or  of  iron  kept  moist,  and  by  conveying 
it  into  waste  heaps  of  alum  ores. 

The  dilution  of  sulphur  dioxide  by  means  of  air  can  be  performed 
by  allowing  the  products  of  calcination  to  escape  from  the  furnaces 
into  the  upper  regions  of  the  atmosphere  by  means  of  high  stacks. 
The  sulphur  dioxide  thus  produced  diffuses  through  extensive 
layers  of  air,  and  is  diluted  by  these  to  such  an  extent  that,  on  itj? 
descent,  it  no  longer  has  an  injurious  effect  u]:>on  vegetation.  This 
dilution  of  sulphur  dioxide  can  only,  however,  be  attained  when  tho 
quantities  of  blende  to  be  roasted  are  limited,  and  when,  therefore,  only 
inconsiderable  amounts  of  gases  are  evolved,  as  otherwise  the  injurious 
effect  of  these  gases  becomes  noticeable  in  time  in  a  wide  area 
surrounding  the  calcining  works.  If  the  contour  of  the  country 
admits  of  it,  such  stacks  should  be  situated  on  the  tops  of  high  hill< 
and  connected  with  the  furnaces  by  means  of  inclined  flues.  Thr 
height  of  these  stacks  varies  with  their  position  between  330  and  5(H) 
feet  (at  Hamborn  333  feet,  at  Freiberg  466  feet).     As  the  draught 
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of  a  stack  cannot  be  improved  by  increasing  its  height  above 
160  feet,  all  prime  costs  which  are  necessitated  by  the  construction 
of  a  stack  higher  than  this  must  be  charged  to  the  neutralisation  of 
the  sulphur  dioxide. 

These  first  costs  are  very  considemble,  but  only  result  in  a  small 
working  charge,  because  the  actual  neutmlisation  of  the  sulphur 
dioxide  then  costs  nothing.  If,  therefore,  comparatively  small 
quantities  of  these  gases  have  to  be  liberated,  the  best  method  of 
rcmlering  them  innocuous  is  by  means  of  such  high  stacks. 

The  products  of  calcination  can  only  be  imperfectly  neutralised 
by  the  help  of  water,  because  water  either  falling  in  the  form  of 
rain  or  trickling  through  a  coke  tower  absorbs  only  comparatively 
little  sulphur  dioxide  from  diluted  gases,  and  scarcely  any  from 
hot  gases.  The  experiments  which  have  been  tried  to  remove 
sulphur  dioxide  from  the  gases  given  oflf  from  a  reverberatory 
furnace  by  means  of  lead  towers  filled  with  coke,  over  which  water 
trickles,  were  not  only  unfavourable  as  regards  the  absorption  of  the 
sulphur  dioxide,  but  also  required  towers  of  large  area,  together  with 
powerful  fens,  in  order  to  maintain  the  draught,  as  well  as  suitable  dust 
chambers,  and  the  previous  cooling  of  the  gases.  The  method  of 
absf>rbing  the  sulphur  dioxide  by  means  of  water  has,  therefore,  not 
come  into  use.  The  absorption  of  sulphur  dioxide  from  the  products 
of  combustion  by  means  of  sulphuric  acid  at  50°  B.,  which  was 
attempted  with  the  blende  calcining  furnaces  of  the  chemical  factory 
at  Rhenania,  near  Stolberg,  has  also  been  found  imperfect,  because  the 
sulphuric  acid,  whilst  it  readily  absorbed  the  sulphur  trioxide  con- 
tained in  small  quantity  in  these  gases,  did  not  absorb  the  sulphur 
dioxide.  The  plant  employed  was  a  tower  filled  with  coke  over  which 
the  sulphuric  acid  was  allowed  to  trickle.  Apart  from  the  imperfect 
absorption  of  the  sulphur  dioxide,  the  same  objections  arose  as  in  the 
case  of  absorption  by  water.  This  method,  therefore,  has  found  no 
further  application. 

Sulphur  dioxide  and  sulphur  trioxide  are  readily  absorbed  by  milk 
of  lime,  calcium  sulphite  and  sulphate  being  produced.  The  former 
k  gradually  converted  on  contact  with  air  into  the  latter  salt.  The 
procluct  of  the  absorption  is,  therefore,  a  mixture  of  calcium  sulphite 
and  sulphate,  which,  as  experiments  at  the  Hohenlohe  Works,  near 
Kattowitz,  in  Upper  Silesia,  have  shown,  may  be  used  either  as  a 
di**infectant,  as  a  vermin  destroyer,  or  as  manure  when  mixed  in 
certain  proportions  with  animal  manure,  or  in  the  case  of  well- 
manured  ground  rich  in  humus,  even  without  such  admixture.  The 
quantities  of  this  salt  for  which  a  market  can  be  found  are,  however, 
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so  small  compared  with  the  great  quantities  in  which  it  is  produced 
that  it  is  not  only  worthless,  but  may  even  be  looked  upon  as  a  waste 
product  occupying  much  space,  and,  therefore,  troublesome. 

The  absorption  of  the  sulphur  dioxide  takes  place  in  accordance 
with  the  following  equation  : — 

CaH202+ H2SO3  =  CaS03+ 2H2O. 

It  takes  place  on  contact  and  requires  an  excess  of  the  absorbing 
solution  in  order  to  be  complete.  The  absorption  is,  therefore,  carrie<l 
out  by  exposing  the  gases  in  towers  to  a  rain  of  milk  of  lime,  and 
again  using  the  product  thus  obtained,  which  still  contains  a  consider- 
able quantity  of  free  calcium  hydrate,  as  an  absorbent.  The 
composition  of  the  salt  is  as  follows,  according  to  Dr.  Grosser  of 
Kattowitz : — 

CaO 37-75 

MgO 1*45 

AI.O3 414 

FeA 110 

SO. 38-40 

SO3 2-85 

CO., 415 

Soluble  SiOg  )  5.53 
and  residue    ) 

HP 3-40 

98-77 

According  to  this  analysis,  the  quantity  of  calcium  sulphite 
amounts  to  72  per  cent.,  and  of  calcium  sulphate  to  4*84  per  cent. 
Upon  the  average  the  salt,  as  produced  at  the  Hohenlohe  Works, 
contains  about  34  per  cent,  of  SO^  and  5  per  cent,  of  SO3,  equivalent  to 
64  per  cent,  of  calcium  sulphite  and  8*5  per  cent,  of  calcium  sulphate, 
together  with  6  to  10  per  cent,  of  water.^  The  absorption  of  sulphur 
dioxide  by  milk  of  lime  is  made  use  of  in  several  of  the  large  works 
in  Upper  Silesia,  but  is  carried  out  on  the  largest  scale  at  the  above- 
mentioned  Hohenlohe  Works.  At  these  works  the  products  of  com- 
bustion are  drawn  by  means  of  stacks  upwards  and  downwards  through 
towers  down  which  milk  of  lime  is  trickling,  and  they  escape,  containing 
only  very  small  quantities  of  sulphur  dioxide,  into  a  stack  328  foct 
high,  by  which  the  last  remaining  portions  of  sulphur  dioxide  aro 
carried  into  such  a  high  stratum  of  the  atmosphere  that  they  no  longer 

'  Kosmann,  Ohernchltj^ieu^  &c.,  p.  199. 
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exert  any  injurious  action.  The  solution  trickling  down  the  towers  is 
led  into  sumps  in  which  the  salt  is  deposited.  It  is  lifted  out  from 
these  mechanically  and  piled  in  heaps,  whilst  the  clear  solution  is 
used  again  for  dissolving  fresh  portions  of  gas.  Although  the  process 
is  expensive,  yet  it  completely  fulfils  its  purpose,  and  has  up  to  the 
present  not  been  replaced  by  any  other  method. 

The  sulphur  dioxide  of  the  gases  escaping  from  reverberatory 
furnaces  can  also  be  neutralised  by  means  of  water  and  limestone  or 
dolomite.  For  this  purpose  towers  are  filled  with  fragments  of  the 
above-mentioned  substances  and  water  is  allowed  to  trickle  through 
them.  The  sulphur  dioxide  in  the  gases  passing  up  these  towers 
furais  calcium  or  magnesium  sulphite.  The  absorption  in  this  method 
is  less  energetic  than  it  is  by  milk  of  lime,  and  requires  towers  of 
large  area,  considerable  quantities  of  fluid,  and  a  good  draught.  It 
has,  therefore,  not  yet  come  into  use  at  zinc  works. 

Zinc  oxide,  basic  zinc  sulphate  and  magnesia  have  only  been 
used  experimentally  for  neutralising  the  sulphur  dioxide  from  blende 
calcining  furnaces.  These  bodies  form  sulphites  of  zinc  or  magnesium, 
which  are  readily  decomposed  on  heating,  with  the  evolution  of 
concentrated  sulphur  dioxide.  By  their  use,  therefore,  the  diluted 
sulphur  dioxide  of  the  gases  escaping  from  the  furnaces  can  be  con- 
centrated, whilst  the  absorbent  is  regenerated.  These  sulphites  by 
long  exposure  to  the  air  and  moisture  can  also  be  converted  into 
sulphates.  As,  however,  before  sulphur  dioxide  could  be  absorbed 
the  gases  had  previously  to  be  cooled  down,  and  as  flue-dust  had  also 
to  be  removed  from  them  ;  as,  moreover,  during  their  absorption  a 
considerable  quantity  of  sulphates  was  formed,  together  with  sulphites, 
which  former  salts  are  only  imperfectly  decomposed  when  the  mixture 
is  heated  for  the  production  of  concentrated  sulphur  dioxide,  the 
neutralisation  of  furnace  gases  by  means  of  the  substances  in  question 
has  not  come  into  extended  use.  Experiments  to  convert  the  dilute 
sulphur  dioxide  of  the  furnace  gases  into  concentrated  sulphur 
dioxide  by  means  of  water  have  failed  on  account  of  the  low 
absorbing  power  of  water  upon  dilute  sulphur  dioxide.  The  object 
of  the  experiments  was  to  absorb  sulphur  dioxide  by  means  of  water 
and  then  to  evolve  it  in  a  concentrated  form  by  heating  the  solution. 
This  process,  which  will  be  explained  more  fully  further  on,  is  only 
available  when  the  gases  contain  at  least  4  per  cent,  by  volume  of 
j^iJphur  dioxide. 

Moist  ferric  oxide  absorbs  sulphur  dioxide  slowly  with  the  forma- 
tion of  ferrous  and  ferric  sulphates.  Ferric  sulphate  absorbs  it  with 
the  formation  of  ferrous  sulphate.     On  account  of  the  slow  rate  of 
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absorption  and  the  low  value  of  the  products,  neither  of  these 
methods  has  come  into  use.  All  attempts  to  produce  sulphur  by 
the  reduction  of  the  furnace  gases  by  the  aid  of  carbon  have  given 
most  unsfitisfactory  results.  Still  less  satisfactory  were  the  experi- 
ments to  se])arate  sulphur  by  the  action  of  sulphuretted  hydrogen 
upon  the  dilute  gases.  A  solution  of  sodium  sulphide  absorbs 
sulphur  dioxide  well,  with  the  formation  of  sodium  sulphate  and  sul- 
phur, but  this  process  has  been  found  to  be  too  expensive  in  practice. 
Solutions  of  polysulphides  of  calcium  absorb  the  sulphur  dioxide  of 
furnace  gases  readily  with  the  production  of  sulphur,  but  come  too 
expensive.  Calcium  monosulphide  cannot  be  used  as  an  absorbent 
on  account  of  its  slight  solubility  in  water. 

Kosmami^  has  proposed  to  convert  calcium  monosulphide  into 
calcium  sulph-hydrate,  by  treating  it  with  carbon  dioxide  and  water, 
as  is  done  by  Chance  in  his  process  for  treating  the  residues  from 
the  manufacture  of  soda  by  the  Leblanc  process,  for  the  production  of 
sulphuretted  hydrogen  or  sulphur,  and  to  use  this  calcium  sulph- 
hydrate  as  an  absorbent  for  the  sulphur  dioxide  of  the  furnace  gases. 
The  oxides  of  sulphur  are  absorbed  by  calcium  sulph-hydrate  with 
the  formation  of  calcium  sulphite  and  sulphate,  sulphur  separating 
out  as  is  shown  by  the  following  equation  : — 

CaH2S.+ 2H2SO3  =  CaS03+ 3S  +  SUfi. 

A  precipitate  of  calcium  sulphite  and  sulphate  and  of  sulphur  is 
thus  obtained. 

By  the  action  of  carbon  dioxide  upon  calcium  sulphite,  calcium 
sulph-hydrate  and  calcium  carbonate  are  first  formed.  On  further 
action  the  calcium  sulph-hydrate  is  decomposed  with  the  evolution  of 
sulphuretted  hydrogen,  calcium  carbonate  being  produced  : — 

3CaS  +  H2CO3  =  CaCOg  +  CaH^S^ + CaS. 
CaH.,S2 + H0CO3  =  CaCOg  +  2H2S. 

Kosmann  interrupts  the  process  when  the  greater  part  of  the 
calcium  sulphide  has  been  converted  into  sulph-hydrate,  and  con- 
ducts the  sulphuretted  hydrogen  produced  into  a  further  quantity  of 
monosulphide,  which  is  also  converted  into  sulph-hydrate  by  the 
sulphuretted  hydrogen.  According  to  Kosmann  the  equations  are  as 
follows : — 

3CaS  +  H  .,C0,  =  CaC03  +  CaH.,S, + CaS. 

Calf  .,S., + CaS  +  H  .,C03  =  CaCOa + CaH^S, + H^S. 

CaS  +  H2S  =  CaH,S.,. 

\  Oliickailf,  Berg,  nnd  Uatlium.  Zty.  in  Kssen,  No,  35,  May  2,  1904. 
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Thus  four  molecules  of  calcium  sulphide  and  two  of  carbon 
dioxide  produce  two  molecules  of  calcium  sulph-hydrate  and  two  of 
carbonate,  or  two  molecules  of  calcium  sulphide  yield  one  molecule 
of  calcium  sulph-hydrate.  The  solution  of  calcium  sulph-hydrate  is 
blown  by  means  of  an  injector  into  the  furnace  gases,  together  with 
water  vapour.  The  sulphur  dioxide  is  then  absorbed,  as  is  shown 
by  the  following  equations : — 

CaH^, + H^03 = CaS03 + 2U^, 
2H2S  +  H2SO3  =  3S + 3H2O. 

Each  molecule  of  sulph-hydrate,  therefore,  absorbs  two  molecules  of 
sulphur  dioxide  with    the  formation   of  one  molecule  of  calcium 
sulphite  or  sulphate  and  the  production  of  three  atoms  of  sulphur. 
As  two  molecules  of  calcium  sulphide  are  required  for  the  formation 
of  one  molecule  of  sulph-hydrate  if  the  process  were  conducted  exactly 
in  accordance  with  the  theory,  each  molecule  of  calcium  sulphide 
would  neutralise  one  molecule  of  sulphur  dioxide,  and  at  the  same 
time  separate  IJ  atoms  of  sulphur.     The  sulphur  is  obtained  mixed 
with    calcium    sulphite    or   sulphate.      It    is    removed    from    this 
iiiixtiu-e  by  boiling  with  c<austic  lime,  whereby  cjilcium  polysulphide 
is  produced,  the  latter  being  employed    as    an  absorbent   for   the 
sulphur  dioxide.     The  greater  portion  of  the  sulphur  is  thereby  pre- 
cipitated  with  the  simultaneous  formation  of  calcium  sulphite  and 
sulphate.     From   the  precipitate   so  obtained  the  sulphur  may  be 
rwoverctl  by  distillation.     The  process,  though  theoretically  sound, 
has  not  yet  come  into  pi-actical  use.  Although  calcium  sulph-hydrate 
and  calcium  polysulphide  absorb  sulphur  dioxide  fiir  better  than  does 
milk  of  lime,  it  must,  nevertheless,  be  borne  in  mind  that  the  pro- 
duction of  the  carbon  dioxide  required  for  the  process  by  the  burning 
of  limestone  or  the  combustion  of  coke  entails  no  inconsiderable  cost ; 
that  the  calcium  carbonate  produced  when  the  sulph-hydrate  is  formed 
cannot  be   utilised,  and  thus  constitutes  a  troublesome  substance 
occupying  a  great  deal  of  space;  that  the  preparation  of  calcium 
sulphide  by  the  reduction  of  calcium  sulphate,  whenever  this  cannot 
be  obtained  in  the  form  of  residues  from  the  Lcblanc  process,  also 
entails  expense ;  and  that  of  the  calcium  contained  in  it,-only  half 
can  be  converted  into  sulphate  or  sulphite,  whilst  the  other  half  is 
converted  into  carbonate.     From  the  sulphate  or  sulphite  calcium 
sulphide  can  be  regenerated,  but  not  from  the  carbonate.     For  the 
production  of  the  requisite  calcium  sulphide  it  is,  therefore,  necessary 
to  add  calcium  sulphate  to  the  extent  of  one-half  of  that  entering 
into  the  process.    Finally,  considerably  more  sulph-hydrate  is  required 
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than  theoretical  calculation  would  indicate,  because  the  furnace  gasts 
always  contain  oxygen  and  carbon  dioxide,  both  of  which  act  upon 
the  sulph-hydrate,  the  former  converting  the  sulph-hydrate  partly  into 
calcium  hyposulphite  and  partly  into  calcium  polysulphide  in  accord- 
ance with  the  equations  : — 

CaH2S2+40  =  CaS.,03+ HjO. 
CaH2S,+0  =  CaS2+H20. 

Whilst  calcium  polysulphide  absorbs  sulphur  dioxide,  the  hy]>3- 
sulphite  is  not  affected  by  it.  All  the  sulph-hydrate  which  is  con- 
verted into  that  salt  is,  therefore,  lost  to  the  process.  The  calcium 
polysulphide  produced  is  at  the  same  time  less  effective  as  an 
absorbent  than  is  the  sulph-hydrate,  seeing  that  two  molecules  of 
the  former  only  absorb  three  molecules  of  sulphur  dioxide,  instead  of 
four  molecules,  as  in  the  latter  case.  Carbon  dioxide  attacks  the 
sulph-hydmte  with  the  formation  of  sulphur  and  calcium  carbonate,  so 
that  this  calcium  takes  no  part  in  the  absorption  of  sulphur  dioxide. 

Metallic  iron  moistened  with  water,  as  proposed  by  Winkler,  acts 
well  in  the  case  of  gases  rich  in  sulphur  dioxide,  as,  for  example,  thoR* 
generated  in  the  parting  of  gold  by  sulphuric  acid,  but  it  is  less 
effective  in  the  case  of  dilute  gases,  such  as  are  thus  evolved  fmin 
the  blende  calcining  furnaces.  At  Flone,  in  Belgium,  the  furnace 
gases  have  been  passed  into  waste  heaps  of  alum  ores  by  which  the 
latter  were  rendered  soluble.  The  employment  of  this  process  is. 
however,  only  possible  under  very  exceptional  local  conditiims. 
Further  information  respecting  experiments  upon  the  neutralisation 
of  sulphur  dioxide  will  be  found  in  the  works  of  Reich,  Freiberg. 
1858;  WixMev,  Frcihergcr  Jahrhuch,  1880,  p.  50;  Schnabel,  Prcu^. 
Zeit&chr.  f.  Bcrf/.-HilU.  u.  Salincn-WcMn,  1881,  29,  p.  395;  Hasen- 
clever,  Fischers  Jahrcshcrichte,  1881,  p.  173,  1886,  p.  257 ;  Zcitsch. 
d,  Vcr,  Deutsch.  Ing,  1886;  C.  A.  Herring,  Dk  Vcrduklung  ^/'f 
Hilttciirauchs,  Stuttgart,  1888. 

Calcination  in  Cmnhincd  Iicverheraiory  and  Muffle  Furnaces 

These  furnaces  are  only  employed  when  a  portion  merely  of  tht' 
sulphur  dioxide  evolved  on  calcining  blende  is  to  be  utilised  in 
sulphuric  Jicid  manufiicture,  whilst  the  remainder  is  to  be  allowe<l  t<> 
escape  unused.  In  this  wise  the  sulphur  dioxide  developed  in  th«' 
muffle  furnace  is  conveyed  into  lead  chambers,  whilst  that  cscajMng 
from  the  reverberatory  furnace  is  either  led  direct  into  the  air  orjnv- 
viously  neutralised.  The  principle  of  these  furnaces  is,  that  the  mufHe> 
in  which  the  first  stage  of  the  calcination  of  the  blende  is  conductc<1 
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shall  be  heated  by  the  gases  of  the  reverberatoiy  furnace,  in  which  the 
blende  is  roasted  dead.  The  muffles  may  either  lie  partly  inclined  or 
else  horizontally.  The  Hasenclever-Helbig  furnace,  designed  in  the 
year  1874  by  Hasenclever  and  Helbig,and  used  with  great  advantage 

t 


J-i- 


Fig.  41. 

in  the  Khine  districts,  Westphalia  and  Silesia,  is  a  furnace  with 
partly  inclined  muffle.  At  present  it  has  been  replaced  at  most 
works  by  the  muffle  furnace  to  be  described  further  on,  which  admits 
of  the  complete  utilisation  of  the  sulphurous  gases  evolved  in 
calcination.     The  furnace  consists,  as  shown  in  Figs.  40  and  41,  of  a 
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muffle  constructed  in  two  parts,  situated  over  a  reverberatory  furnace : 
the  lower  part  of  the  muffle  m  is  horizontal,  whilst  the  upper  part  n, 
which  adjoins  it,  lies  at  an  angle  of  43°.  In  the  inclined  portion  walls 
of  hard-burnt  biicks  are  built  some  20  inches  apart,  at  right  angles 
to  the  long  axis  of  the  muffle,  and  hang  down  so  far  that  between 
their  bottom  edge  and  the  floor  of  the  muffle  there  is  only  a  space 
of  less  than  an  inch.  The  object  of  these  walls  is  to  spread  the  ore, 
which  is  charged  at  the  upper  end  of  the  muffle,  in  a  thin  bed  upon 
the  floor  of  the  latter.  In  order  to  enable  the  products  of  combus- 
tion to  pass  unhindered  by  these  partition  walls,  there  are  lateral 
openings  in  them,  so  that  the  gas  escapes  following  a  sinuous  line 
alternately  at  one  side  or  the  other  of  the  walls,  as  shown  in  Fig.  42. 
The  pulverulent  blende  charged  from  the  hopper 

III^BM^^^^  t  at  the  upper  end  of  the  muffle  slides  along 
lll^^^Hi  I  '  ^^^  bottom  of  the  latter,  and  at  definite  intervals 
Ib^HBU'  of  ti"^^ — fr<^"^   2  to  5  minutes — is  carried  by  the 

roll  w,  which  is  driven  by  a  small  water  wheel, 
into  the  lower  horizontal  portion  of  the  muffle, 
where  it  is  spread  out  and  further  roasted.    At 
the  far  end  of  the  horizontal  portion  of  the  muffle 
,  ^■^^^^H^         there  is  an  opening  x,  through  which  the  blende 
^lii^^^^B'i         ^^  dropped  into  the  working  chamber  z  of  the 
reverberatory  furnace,  where  it  is  roasted  dead. 
The  products  of  combustion  of  the  reverberator} 
furnace  first  heat  the  floor  and  then  the  arch  of 
the  horizontal  portion  of  the  muffle,  and  then  rijie 
Fio.  42.  up  imdemeath  the  inclined  portion  of  the  latter  into 

the  flue  /  The  sulphurous  gases  evolved  in  tht- 
horizontal  portion  of  the  muffle  pass  into  the  inclined  portion,  where 
they  unite  with  the  gases  evolved  there,  and  together  escape  from 
the  upper  end  of  the  muffle  into  a  flue  which  conducts  them  to  the 
sulphuric  acid  chambers.  At  the  end  of  the  muffle  the  blende  will 
have  lost  GO  per  cent,  of  its  sulphur,  still  containing  from  8  to  10 
per  cent.,  whilst  the  gases  that  escape  from  the  muffle  carry  at  loiist 
6  per  cent,  by  volume  of  sulphur  dioxide,  and  are  very  suitable  for 
sulphuric  acid  manufacture.  The  blende  is  then  calcined  down  to 
1  per  cent,  of  sulphur  upon  the  hearth  of  the  reverberatory  furnace, 
which  forms  a  long-bedded  calciner  with  working  doors  along  one  of 
its  longer  sides.  The  furnace  may  be  fired  either  by  a  grate  or  by 
gas.  In  the  figure  it  is  shown  as  fired  by  gjis,  a  Boetius  producer,  B, 
being  employed.  The  air,  which  is  heated  in  the  walls  of  the  latter, 
enters   at  ?/;    the  fuel  is  charged  at  ^;.     The   temperature   in  tht 
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inclined  portion  of  the  muffle  is  as  high  as  the  melting  point 
of  antimony  (482°  C).  In  this  furnace  3  to  4  tons  of  zinc  blende  can 
be  calcined  down  to  1  per  cent,  of  sulphur  in  24  hours,  with  a 
consumption  of  coal  equal  to  28  to  50  per  cent,  of  the  weight  of  the 
raw  ore.  At  the  Recke  Works  such  a  furnace  was  formerly  in  use 
calcining  3|  tons  of  blende  down  to  1  per  cent,  of  sulphur  in  24 
hours,  with  a  consumption  of  2  tons  of  coal.^ 

At  Oberhausen  ^  the  furnace  had  the  following  main  dimensions : 
Cross  section  of  the  gas  producer,  2  feet  by  6  feet ;  floor  of  the 
horizontal  portion  of  the  muffle,  6  feet  by  24  feet  7  inches ;  of  the 
inclined  portion  of  the  muffle,  6  feet  by  32  feet  10  inches ;  of  the 
reverberatory  furnace,  6  feet  by  18  feet  8  inches.  Of  the  sulphur 
contents  of  the  blende  50  per  cent,  was  utilised  by  means  of  the 
muffle.  At  the  commencement  of  calcination,  it  contained  2644 
per  cent,  of  sulphur;  on  leaving  the  inclined  portion  of  the 
muffle,  where  there  was  a  low  red  heat,  8*20  per  cent. ;  on  leaving 
the  horizontal  portion  of  the  muffle,  where  there  was  a  bright  red 
heat,  6*20  per  cent. ;  at  the  end  of  the  calcination  055  to  130  per 
cent.  In  24  hours,  3J  tons  of  ore  were  roasted,  with  a  consumption 
of  21  cwts.  of  coals.  Five  workmen  on  a  shift  worked  the  calciner. 
The  gases  escaping  from  the  muffles  into  the  sulphuric  acid  chambers 
carried  from  5  to  6  per  cent,  by  volume  of  sulphur  dioxide.  This 
furnace  has,  as  compared  with  reverberatory  furnaces,  the  draw- 
back of  heavier  first  cost  and  requires  a  heavier  outlay  for  wages, 
but  has,  on  the  other  hand,  the  advantage  of  utilising  half  the 
sulphur  dioxide  evolved  during  calcination.  But  even  allowing 
for  the  latter  advantage,  the  costs  of  calcination  in  this  furnace  are 
heavier  than  the  costs  of  calcination  in  long-bedded  calciners. 
As  compared  with  the  muffle  furnaces,  on  the  other  hand,  it 
has  the  objection  that  only  a  portion  of  sulphur  dioxide  evolved 
can  be  utilised.  It  has  therefore  been  replaced  by  nmffle 
furnaces. 

A  combined  reverberatory  and  muffle  furnace  with  horizontal 
muffles,  which  gives  very  good  results,  is  used  at  the  Recke  Works  in 
L'pper  Silesia.  It  consists  of  a  reverberatory  furnace,  over  which  there 
are  two  horizontal  muffles  connected  together.  The  flame  passes  first 
over  the  hearth  of  the  reverberatory  furnace,  surrounds  first  the 
lower  and  then  the  upper  muffle.  The  products  of  combustion, 
together  with  the  sulphur  dioxide  evolved  from  the  reverberatory 
furnace,  pass  into  towers  in  which  they  are  freed  from  any  sulphur 

»  Berg-  nnd  HiUUnm.  Ztg.  1877,  p.  71. 

*  Mahler,  AnnaUeM  des  MineSf  vol.  vii.,  book  iii.,  p.  152,  1885. 
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dioxide  and  trioxide  that  they  contain,  and  then  into  the  stack.  The 
sulphurous  gases  evolved  in  the  lower  muffle  pass  into  the  upper 
muffle,  and  thence,  together  with  the  gases  evolved  in  the  latter,  into 
the  sulphuric  acid  factory.  The  blende  is  charged  at  the  end  of  the 
upper  muffle,  passes,  after  it  has  traversed  this,  into  the  lower 
muffle,  and  finally  into  the  reverberatory  furnace.  In  this  furnace 
6  tons  of  blende  are  calcined  down  to  less  than  1  per  cent  of 
sulphur  in  24  hours,  with  a  consumption  of  coal  equal  to  30  per 
cent,  of  the  weight  of  the  raw  ore.  This  furnace,  which  is  a 
modification  of  the  Hasenclever  furnace,  gives  better  results  than 
the  original.  * 


Calcination  in  Muffle  Furnaces 

The  necessity  of  neutralising  the  sulphurous  gases  evolved  in 
calcining  blende,  and  the  difficulty  of  doing  this  when  blende  is 
calcined  in  reverberatory  furnaces,  have  promoted  the  introduction 
within  the  last  20  years  of  muffle  furnaces,  in  which  the  production 
of  gases  rich  in  sulphur  dioxide,  that  is,  containing  5  to  8  per  cent, 
by  volume  and  therefore  suitable  for  sulphuric  acid  manufacture,  can 
be  combined  with  a  complete  calcination  of  blende.  These  furnaces 
depend  upon  the  principles  that  the  calcination  must  be  conducted 
by  heating  the  muffles  externally  by  burning  fuel,  as  also  in- 
ternally by  the  help  of  the  heat  developed  by  the  oxidation  of 
the  sulphide  of  zinc  ;  that  the  muffles  should  be  arranged  one  below 
the  other,  and  so  combined  that  the  blende  which  is  to  be  roasted 
passes  from  above  downwards,  whilst  the  gases  generated  inside  them, 
as  well  as  those  heating  them  from  outside,  move  in  the  opposite 
direction.  The  first  furnace  designed  on  these  principles,  which 
admitted  of  the  utilisation  of  the  whole  of  the  sulphur  dioxide 
evolved  in  the  calcination  of  blende  for  sulphuric  acid  manufacture, 
was  designed  by  M.  Liebig.  He  was  followed  by  Grille,  Hasenclever, 
and  a  number  of  other  inventors  with  furnaces  depending  upon  the 
same  principles,  but  of  widely  different  design.  These  modem 
muffle  furnaces  have  given  such  far  better  results  than  the  older 
forms  previously  used  that  they  have  replaced  reverberat<>ry 
furnaces  as  well  as  the  combined  reverberatory  and  muffle  fiirnacts, 
wherever  it  is  at  all  possible  to  find  a  market  for  sulphuric  acid  or  t<> 
utilise  sulphur  dioxide  in  any  other  way.  The  furnaces  that  are  at 
present  in  actual  operation  are  built  with  fixed  muffles.  The  ores 
are  rabbled  by  means  of  hand  power  or  mechanically.     Muffles  in  the 
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form  of  rotating  cylinders   have   been  proposed  and  patented,  but 
have  not  yet  come  into  regular  use. 

We  must  therefore  distinguish  : — 

Calcination  in  Fixed  Muffle  Furnaces  with  hand  rabbling. 

Calcination  in  Fixed  Muffle  Furnaces  with  machine  rabbling. 

Calcination  in  Rotating  Muffle  Furnaces. 


Calcination  in  Fixed  Muffle  Furnaces  with  Hand  Rabhling 

The  most  important  furnaces  of  this  class  are  those  of  Liebig  and 
Eichhom,  and  of  Hasenclever.  A  third  furnace  of  the  same  type 
Ls  that  of  Grillo. 

The  Liebig  and  Eichhorn  furnace  depends  upon  the  principle 
of  conveying   the   blende   through   a   number   of    chambers   lying 
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'>ne  below  the  other,  and  of  allowing  the  air  required  for  oxidation 
to  enter  the  chamber  in  a  heated  condition.  The  three  upper 
chambers  are  heated  by  heat  evolved  by  the  oxidation  of  the 
sulphide  of  zinc  similarly  to  the  shelves  of  the  Maletra  furnace, 
whilst  the  lower  chambei-s  are  heated  externally  by  gas  firing.  The 
construction  of  the  furnace,  as  patented,^  is  shown  in  Figs.  43  and 
44.  It  consists  of  a  shaft  provided  with  muffles  a^,  a^,  a^  a^  a^  V, 
''*,  V\  which  are  accessible  by  the  working  doors  c  disposed  alter- 
nately along  the  two  shorter  sides.  The  heating  of  the  chambers 
a*,  a*,  a^  and  a*  is  performed  by  means  of  the  producer  gas  generated 
in  the  producer  (r,  this  being  bunit  in  a  stream  of  air  heated  by 
traversing  flues  in  the  walls  of  the  producer.  The  flame  traverses 
1  D.  R.  Patent,  No.  21032. 
VOL.   II 
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first  the  flues  n,  n,  rises,  passes  through  the  flues  n\  n\  traverses  these 
flues,  again  ascends,  and  finally  traverses  the  flues  n",  n",  from  which 
it  escapes  into  the  flue  o  leading  to  the  stack.  The  air  required  for 
the  oxidation  of  the  sulphide  of  zinc  enters  by  the  opening  d,  passes 
into  the  flue  e,  and  from  the  latter  into  the  muffle  a^,  being  warmed 
on  its  passage  through  the  walls  of  the  flues  n,  n,  and  then  traverses 
the  separate  muffles  one  after  the  other,  oxidising  the  sulphide  of 
zinc  inside  them.  The  zinc  blende  is  delivered  by  means  of  a 
charging  hopper  /  into  the  topmost  muffle  6'",  and  is  transferred 
from  the  latter  after  some  time  into  the  muffle  lying  immediately 


Fig.  44. 


beneath  it.  From  this  it  is  removed  at  definite  intervals  into  the  next 
lower  lying  muffle,  and  so  it  advances  until  it  is  drawn  out  from  the 
bottommost  muffle  into  the  chamber  ^  in  a  calcined  condition.  In 
the  three  topmost  muffles  the  temperature  is  maintained  entirely  bv 
the  heat  generated  by  the  oxidation  of  the  sulphide  of  zinc ;  in  tho 
lower  chambers  but  little  heat  is  derived  from  the  blende,  and  they 
are  therefore  heated  by  means  of  producer  gas  from  the  outside.  A> 
this  method  of  firing  heats  the  lowest  muffle  to  the  highest  tempera- 
ture, the  ore  in  its  descent  is  exposed  to  gradually  increasing 
temperatures,  and  finally  reaches  the  end  of  the  lowest  muffle  con- 
taining only  01  per  cent,  of  sulphur.  The  sulphur  gases  traver^t? 
each  muffle  from  below  upwards  and  finally  escape  from  the  topm<•^t 
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muflBe  containing   6  to  8  per  cent,  by  volume  of  sulphur  dioxide. 
The  ore  remains  in  each  mufSe  from  6  to  8  hours,  and  requires  48 
hours  to  traverse  the  furnace.     In  experiments  made  to  determine 
the  degree  of  desulphurisation  of  the  ore  in  the  various  muffles,  it 
was  found   that  it  contained  27*8  per  cent,  of  sulphur  on  charging 
into  the  topmost  muffle ;  after  being  there  6  hours,  24*9  per  cent. ;  in 
the  four  following  muffles,  17*3,  13*2,  2*3  and  02  per  cent,  respectively, 
and  when  drawn  from  the  bottom  muffle  only  01  per  cent.     Accord- 
ing to  Eichhorn  ^  such  furnaces  yield  in  24  hours  from  4*2  to  4*5 
tons  of  blende    calcined   down  to  01  per  cent,  of  sulphur,  with  a 
C(insumption  of  0*8  ton  of  coal,  2  men  being  required  on  a  12-hour 
shift    Such  furnaces  are  in  use  at  Letmathe  and  at  Hamborn,  near 
Oberhausen.     In  Hamborn  a  block  consists  of  4  furnaces,  and  yields 
in  24  hours  5  tons  of  calcined  ore,  with  a  consumption  of  20  to  25 
per  cent  of  coal,  2  men  on  a  12-hour  shift  working  the  furnace. 
The  most  recent  furnaces  of  this  type  are  those  with  3  or  4  long- 
bedded  muffles  of  which  the  lowermost  is  heated  from  below.     In 
^nnQ  furnaces  there  is  also  a  flue  between  the  bottommost  muffle 
and  the  next  higher  one,  so  that  the  lowest  muffle  is  heated  from 
above  and  below,  the  next  from  below  only. 

Grille  8  furnace  is  shown  in  Figs.  45  to  47.     It  consists  of  the 
Hiuffles  if*  to  if®,  and  the  flues  Z^  to  Z^.     The  ore  is  delivered  by 
means  of  the  hopper  A,  provided  with  a  charging  roller,  into  the 
tijpmost  muffle  which  it  is  made  to  traverse,  and  at  its  end  drops 
through  the  inclined  slots  S  into  the  next  lower  muffle.     After  passing 
through  this,  it  is  dropped  into  the  muffle  below  and  so  gradually 
reaches  the  bottommost  muffle,  at  the  end  of  which  it  is  drawn  out 
through  a  working  door.     The  products  of  calcination  escape  through 
the  slots  S  out  of  the  lower  into  the  next  higher  muffle,  and  after 
they  have  travelled  through  all  the  muffles  from  below  upwards, 
escape  into  the  chamber  cc,  from  which  they  pass  through  the  vertical 
Hue  C  into  the  dust  chamber  F,  and  thence  through   the  flue   K 
into  the  sulphuric  acid  chambers.     The  furnace  is  fired  by  gas,  but 
can  also  be  fired  by  a  grate.     The  gases  generated  in  the  producer  F 
mix  at  T  with  air  which  has  been  warmed  by  traversing  the  furnace 
ftalls.    The    flame  surrounding  the  muffles  on    three  sides  passes 
ipwards  through  the  flues  Z^  to  ^^,  escaping  from  the  topmost  one 
nto  the  stack  ;  w,  w  are  the  working  doors.     Each  individual  muffle 
s5  29  feet  6  inches  long.     By  dmwing  out  the  slide  y  and  closing  the 
Ine  ^,  by  means  of  the  damper  ?,  the  muffle  furnace  can  be  con- 
erted  into  a  reverberatory  furnace.     This  furnace  has  been  found 

1  Fischer's  Jahresher.  1889,  p.  322. 
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to  be  less  efficient  than  that  of  Liebig,  and  has  therefore  been 
replaced  at  the  Hamborn  Works,  where  it  was  in  use,  by  the  Liebig 
furnace. 

The  Hasenclever  furnace  consists  of  several  (three  or  four)  muffles 
lying  one  above  the  other  and  united  by  means  of  vertical  flues, 
and  heated  by  the  flames  from  a  fire-grate.  The  blende  to  be 
roasted  is  admitted  by  means  of  a  charging  hopper  into  the  topmost 
muffle,  and  is  pushed  forward,  from  time  to  time,  as  is  done  in  long- 
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bedded  calciners;  through  a  vertical  flue  at  the  end  of  this  muffle  it 
drops  into  the  second  muffle  placed  below  the  former,  in  >vhich  it  L<s 
pushed  forward  in  the  same  way,  drops  thence  into  the  third  muffle, 
and  so  on.  At  the  end  of  the  bottommost  muffle  the  calcined  ort*  is 
drawn  out  through  a  working  door.  The  flame  follows  the  opposite 
direction  to  the  calcined  ore,  passing  upwards,  and  on  its  way  heata 
the  floors  and  arches  of  the  various  muffles.  The  products  of  calcin- 
ation either  pass  from  below  upwards  through  all  the  muffles  or  else 
escape  from  the  rear  of  each  muffle  by  vertical  flues,  from  which  the 
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gvs  escapes  to  a  main  flue  leading  to  the  sulphuric  acid  works. 
With  ores  rich  in  sulphur,  two  or  three  muflSes  have  also  frequently 
been  placed  one  above  the  other,  and  the  flame  has  been  allowed  to 
heat  the  floor  of  the  lower  and  the  roof  of  the  upper  muffle  ;  in  order 
to  economise  heat,  these  furnaces  are  always  built  in  pairs  back  to 
hack.     The  construction  of  the  Hasenclever   furnace  is  shown  in 
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Fi^s.  48  to  51,  which  represent  a  pair  of  such  furnaces.  E,  Rare  the 
>4Tates,  M,MaLve  the  individual  muffles, i''  ^'are  the  flues  by  which 
r  he  flame  passes  from  below  upwards,  and  from  the  topmost  of  which 
it  then  escapes  from  the  flue  K  into  the  stack.  T,  Tare  the  charging 
hoppers  from  which  the  blende  to  be  roasted  is  conveyed  to  the 
fopmosfc  muffle  and  then  traverses  one  muffle  after  the  other;  iv.w 
arr>  workiDg  doors  through  which  the  blende  is  rabbled  and  pushed 
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forward.  In  this  particular  case  the  products  of  calcination  are 
drawn  off  separately  from  each  muffle.  They  escape  through  openings 
a  in  the  rear  wall  of  the  furnace  into  vertical  flues  J,  and  thence 
through  the  main  flue  iS  to  the  sulphuric  acid  works.  As  above 
noted,  this  method  of  collecting  the  products  of  calcination  has  been 
discontinued,  and  they  are  now  made  to  traverse  the  whole  of  the 
muffles,  and  escape  from  the  uppermost  one  to  the  main  flue.  Such 
a  furnace  calcines  in  24  hours  about  4  tons  of  blende  down  to  06  to 
I'OG  per  cent,  of  sulphur,  consuming  a  quantity  of  good  coal  equal  t^) 
20  to  25  per  cent,  of  the  weight  of  the  raw  ore.  Two  men  on  a 
shift  are  sufficient  to  work  the  furnace.  Recently  this  furnace  has 
been  improved  by  cutting  each  muffle  into  two  by  means  of  vertical 
walls  across  the  middle,  and  so  uniting  the  halves  lying  below  each 
other  by  vertical  flues  that  the  blende  has  only  to  traverse  these 
halves  of  the  muffles  that  lie  one  above  the  other,  in  a  downward 
direction,  the  calcination  being  in  nowise  injured  thereby,  although 
the  blende  only  has  to  travel  half  as  far  as  it  had  to  in  the  older  form. 
At  the  same  time,  with  ores  rich  in  sulphur,  the  two  lowermost 
muffles  alone  are  heated  externally,  the  upper  ones  receiving  only 
the  heat  generated  by  the  oxidation  of  the  sulphides.  By  these 
means  the  output  of  the  furnace  has  been  increased  by  30  per  cent, 
and  the  labour  required  has  been  diminished  by  25  to  30  per  cent. 
The  flame  takes  the  same  course  as  previously.  Furnaces  of  this 
construction  are  at  work,  for  example,  at  the  Guide  Works,  near 
Chropaczow,  at  the  Silesia  Works  near  Lipine,  at  the  Recke  Works 
near  Rosdzin,  at  the  Munsterbusch  Works,  and  at  the  Rhenania 
Works,  both  near  Stolberg. 

The  most  recent  furnaces  have  muffles  40  feet  9  inches  long  and 
5  feet  broad.  Each  muffle  is  divided  by  a  partition  into  two  divi- 
sions, each  of  which  is  20  feet  4  inches  long.  The  arch  of  the  muffle 
is  9  inches  high  at  the  centre,  and  5  inches  at  the  sides.  Each 
muffle  has  ten  working  doors,  that  is  to  say  five  for  each  half,  which 
can  be  closed  by  cast-iron  slides.  The  air  employed  for  oxidation  is 
heated  in  flues  which  lie  beneath  the  lowest  draught-flue.  The  con- 
struction of  the  furnace  at  the  Guide  Works  ^  is  shown  in  Figs.  52 
and  53,  in  which/is  a  step-grate,  the  flame  from  which  heats  the  two 
muffle  divisions  e,  and  the  floor  of  the  muffle  divisions  rf,  tniversing 
the  flues  g  and  h  into  the  flue  i  leading  to  the  stack.  The  ores  are 
dried  upon  the  roof  of  the  furnace,  and  are  then  charged  through  the 
openings  a,  a  into  the  topmost  muffle  divisions  J,  6.  Thence  they  pass 
into  the  divisions  corresponding  to  each  half  of  the  furnace,  c,  d  and  f. 
^  Berg-  uiid  HiitUnm,  Ztg,  1891,  p.  450. 
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and  afler  the  calcination  is  complete  are  drawn  out  from  the  divi- 
sions c.  The  gases  produced  in  calcination  traverse  the  various  muffles, 
and  escape  through  the  openings  k  from  the  topmost  muffle  into  a 
main  flue.  There  are  two  men  on  the  shift,  or  four  in  24  hours, 
during  which  time  5  tons  of  zinc  blende  are  roasted  with  a  consump- 
tion of  coal  equal  to  20  per  cent,  of  the  weight  of  the  raw  ore. 

At  the  Silesia  Works,  near  Lipine,  in  the  year  1895,  a  furnace  of 
similar  construction  was  calcining  5  tons  of  blende  down  to  1  per 
cent,  of  sulphur  in  24  hours,  with  a  consumption  equal  to  25  per 
cent,  of  inferior  coal.  The  number  of  workmen  in  24  hours  was  four, 
for  calcining  and  firing,  and  ^  for  charging  the  blende  and  delivering 


Fia  52. 
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c«>al.  The  gases  evolved  during  calcination  contained  5  per  cent,  by 
volume  of  sulphur  dioxide. 

At  the  Recke  Works,  near  Rosdzin,  in  Upper  Silesia,  in  1895,  a 
furnace  with  3  muffles,  of  which  the  lowest  is  heated  by  the  flames 
fn)m  below,  and  the  uppermost  from  above,  calcines  3*5  tons  of  zinc 
blende  in  24  hours  down  to  from  1  to  1*5  per  cent,  of  sulphur,  1*2 
t'lns  of  coal  being  used.  There  are  two  men  on  a  12-hour  shift.  The 
gases  evolved  contain  6  per  cent,  by  volume  of  sulphur  dioxide. 

At  the  Stolberg  Works  ores  containing  27  to  28  per  cent,  of 
sulphur  are  roasted  down  to  0'5  to  1  per  cent.,  when  they  are  free 
from  lime  or  magnesia;  otherwise  they  retain  2  to  3  per  cent,  of 
sulphur.  In  24  hours  8  tons  of  ore  are  calcined  in  a  block  consisting 
of  a  pair  of  furnaces,  with  a  consumption  of  coal  equal  to  20  per  cent,  of 
the  calcined  ore.  A  crew  of  4  men  works  the  furnace  block  on  each 
shift.  The  desulphurisation  of  blende  and  the  formation  of  sulphate 
of  zinc  during  calcination  in  the  Hasenclever  furnace  of  most  recent 
construction  is  shown  in  the  following  table  of  analyses,  which  were 
executed  at  the  Rhenania  Works,    A  is  uncalcined  ore,  Z  is  calqinQd 
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ore,  2  to  14  are  the  various  samples  taken  during  the  process  of 
calcination : — 


I 


Sample. 
A 

Zinc  sulphide 

Zinc  sulphate 

Zinc  oxide 

por  cent. 

per  cent. 
0 

per  cent. 

57-2 

0 

2 

53-5 

3-5 

0-8 

3 

530 

3-8 

3-4 

4 

48-4 

4-2 

4-6 

6 

39-9 

4-3 

12-3 

6 

35-2 

50 

16-5 

7 

34-8 

6-9 

17-0 

8 

26-2 

6-3 

271 

9 

24-2 

5-2 

300 

10 

19-2 

6-8 

32-6 

11 

100 

7-8 

40-0 

12 

7-9 

6-2 

44-9 

13 

1-5 

4-7 

52-5 

14 

1-6 

2-6 

53-0 

Z 

1 

1-2 

0 

551) 

The  Hasenclever  furnace  has  fairiy  established  itself  in  the  Rhine 
provinces  and  Silesia,  and  has  there  replaced  the  older  Hasenclevcr- 
Helbig  furnaces  completely,  and  reverberatory  furnaces  in  great  part. 


Calcination  in  Fixed  Muffle  Furnaces  with  Machine  Babbling 

Such  furnaces  are  employed  with  advantage  in  districts  where 
the  rate  of  wages  is  very  high.  They  consist  of  muffle  furnaces  with 
some  mechanical  rabbling  appliance  which  receives  either  a  rotating 
or  a  reciprocating  motion. 

The  Haas^  furnace  is  a  furnace  with  rotating  rabbles.  It  is 
distinguished  from  the  McDougall  furnace  described  in  Volume  I., 
p.  69,  by  the  chief  difference  that  the  separate  circular  muffles  arc 
not  separated  from  each  other  by  solid  arches,  but  by  hollow  flues, 
through  which  the  products  of  combustion  can  circulate.  By 
means  of  the  revolving  rabbles  the  ore  is  successively  drawn 
through  four  chambers,  lying  one  beneath  the  other,  and  then 
reaches,  if  necessary,  the  floor  of  a  rectangular  muffle,  which  is  the 
first  to  be  heated  by  the  flames,  and  in  which  the  last  portions  of 
sulphur  are  removed  from  the  blende.  The  construction  of  this 
furnace  ^  is  shown  in  Figs.  54  bo  56,  in  which  a,  a  are  the  four  muffles, 
through  the  midst  of  which  the  shaft  x,  provided  with  rabble  arms, 
passes.     Each  pair  of  muffles  lying  one  above  the  other  is  connected 

1  D.  R.  Patent,  No.  23080. 

2  Berg-  und  HiUlmm,  Ztg.  1884,  Plate  I.  Figures  12-34. 
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by  means  of  the  flues  b  for  the  products  of  combustion,  and  the 
vertical  shafts  n  for  the  passage  of  the  ore ;  c  are  flues  communicating 
with  the  stack,  and  which  consist  of  chambers  between  the  individual 
muffles  and  of  vertical  flues  which  connect  these  chambers.  The 
gases  are  generated  in  a  producer,  and  pass  through  the  flue  d  into 
the  heating  flues ;  they  pass  in  the  direction  indicated  by  the  arrows, 
and  after  they  have  heated  the  topmost  muffle,  escape  through  a 

Section  on  F'lT 


Section  on  Jff-JT  • 


Pio.  54. 


Fio.  56. 


Fia  56. 


^lescending  vertical  flue  into  the  horizontal  flue  c,  which  leiids  them 
into  a  regenerator  for  heating  the  air  used  for  oxidation.  The  latter 
enters  the  bottom  mufSe  at/,  and  traverses,  together  with  the  gases 
evolved,  the  whole  of  the  muffles.  These  gases  escape  from  the 
t4ipnio8t  muffle  through  the  flue  p  to  the  works  where  they  are  to  be 
utilised  The  blende  is  charged  into  the  topmost  muffle  through  the 
shaft  wi,  rabbled  by  the  tines  of  the  rabble  arms,  and  gradually  moved 
forwards  towards  the  lower  muffles.     The  shaft  x  can  be  turned  to 
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the  left  as  well  as  to  the  right,  and  has  two  cast-iron  arms  in  each 
mufSe.  The  individual  tines  A,  fastened  to  one  arm,  are  movable, 
whereas  those  carried  by  the  other  arm  are  fixed  and  are  set  obliquely. 
By  means  of  the  lever  h,  the  tines  h  can  be  so  placed  that  the  pul- 
verulent blende  may  be  pushed  either  towards  the  centre  or  towards 
the  circumference.  When  the  ore  from  the  upper  muffle  is  to  be 
transferred  to  the  one  next  below  it,  the  tines  h  are  so  placed  that 
they  push  the  ore  towards  the  circumference.  It  then  drops  through 
the  slot  71,  which  can  be  closed  by  a  slide  when  desired,  into  the  muffle 
below,  and  thence  subsequently  in  the  same  way  into  the  next  lower 
muffle,  and  finally  into  the  last  muffle.  From  the  last  muffle  it  is 
discharged  similarly  through  the  slot  o.  The  discharged  ore  either 
drops  into  a  vault  or  into  a  long  rectangular  muffle  not  shown  in  the 
figure,  in  which  it  is  roasted  dead.  The  products  of  calcination 
escape  from  this  rectangular  muffle  into  the  bottom  round  muffle, 
and  pass  in  the  same  direction  as  the  gases  developed  in  the  latter. 
The  flame  first  heats  the  rectangular  muffle  by  means  of  various 
flues,  and  then  passes  into  the  flue  c  for  the  round  muffles.  The 
gases  produced  in  this  furnace  contain  from  6  to  7  per  cent,  by 
volume  of  sulphur  dioxide.  Such  furnaces  are  in  operation  at  Ober- 
hansen  for  the  calcination  of  blende  containing  on  the  average  25  per 
cent,  of  zinc.^  The  size  of  the  grains  should  not  be  less  than  008 
inch.  The  hearths  are  8  feet  2  inches  in  diameter,  and  the  thickness  of 
each  floor  amounts  to  4  inches.  From  the  bottom  circular  muffle  the 
ore  passes  on  to  two  hearths,  lying  one  above  the  other,  each  19  feet 
8  inches  in  length,  with  4  working  doors  in  each,  upon  which  it  is 
roasted  dead  by  means  of  hand  labour.  The  gases  from  the  muffles 
are  employed  for  the  manufacture  of  sulphuric  acid.  One  workman 
is  required  for  each  furnace,  the  output  of  which  is  equal  to  3*4  tons 
of  blende  per  24  hours.  The  consumption  of  coal  for  calcination 
amounts  to  17  per  cent,  of  the  weight  of  the  calcined  ore,  and  for 
the  production  of  power  to  5  per  cent.  The  calcined  ore  contains  on 
the  average  1  per  cent,  of  sulphur. 

At  the  works  of  Hegeler  and  Matthiesen,  at  La  Salle,  in  Illinois, 
U.S.A.,  multiple  calcining  muffle  furnaces  with  mechanical  rabbles 
are  in  use.  Such  a  furnace  has  7  muffles,  one  above  the  other,  each 
of  which  is  46  feet  long  and  4  feet  6  inches  broad.  The  three  lower- 
most muffles  are  heated  by  means  of  producer  gas,  the  flame  passing 
first  below  and  then  above  them.  Two  furnaces  are  united  to  form 
one  block.  There  is  one  rabble  common  to  the  two  muffles  which  lie 
side  by  side.     It  is  moved  at  intervals  of  an  hour  by  means  of  a  rod 

^  Rtvac  UnirerH,  den  Mvte»,  1894,  p.  38. 


ZINC 


91 


Fio.  57, 


moved  by  friction  wheels  backwaixls  and  forwards  through  the  blende 
spread  out  in  the  muflSes.  Such  a  double  furnace  calcines  in  24 
hours  23  tons  of  zinc  blende,  with  a  consumption  of  4*8  tons  of  refuse 
owki  In  Fig.  57,  a  are  the  muffles  and  h  the  flues ;  c  are  flues 
through  which  air  is  conveyed 
to  the  muffles,  and  d  the  flues 
for  introducing  air  into  the  fire- 
box. 

The  Rhenania  Chemical  Works 
at  Stolberg  has  patented  a 
Hasenclever  furnace  with  me- 
chanical rabbles.*  This  furnace 
consists  of  4  muffles  lying  one 
immediately  above  the  other, 
through  which  an  endless  chain 
provided  with  rabbles  and 
drapers  at  fixed  distances  apart, 
is  kept  moving.  The  rabbles  stir  the  ore,  whilst  the  scrapers 
move  it  forwards.  The  ore  is  charged  into  the  topmost  muffle,  and 
then  gradually  transferred  to  the  lower  ones,  until  it  is  discharged 
fnDni  the  bottom  muffle  in  the  calcined  state.  In  order  not  to  expose 
the  endless  chain  to  the  flames  there  are  no  flues  between  the  sepa- 
rate muffles.  The  flames,  therefore,  are  carried  round  the  muffles  in 
one  single  flue.  The  description  of  the  furnace  as  given  in  the 
Patent,  1892,  page  321,  resembles  that  of  the  O'Hara  furnace,  as 
described  in  Vol.  I.,  p.  72.  This  furnace  does  not  appear  to  have 
^•ome  into  practical  use  as  yet. 

A  muffle  furnace  built  on  the  principle  of  the  Brown  furnace 
is  worked  successfully  at  the  works  of  v.  Giesche's  Erben,  at  Rosdzin, 
in  Upper  Silesia. 

The  Falding  furnace  *  in  use  at  the  works  of  the  Mineral  Point 
Zinc  Company,  Wisconsin,  is  shown  in  Figs.  58  to  60.  The  furnace 
is  a  double  one,  each  half  containing  three  hearths  lying  one  above 
the  other.  The  section  through  the  heai-ths  is  shown  in  Fig.  58,  the 
lefk  half  showing  the  arches  upon  which  the  hearths  are  laid,  the 
right  half  the  vertical  shafts  to  which  the  rabble  arms  are  fixed. 
Fig.  59  represents  a  longitudinal  section  through  the  middle  of  the 
furnace,  and  Fig.  60  a  section  through  the  fire-giute.  Each  hearth 
is  49  feet  6  inches  long  and  9  feet  10  inches  wide.     In  each  half  of 

>  The  Mineral  IndwAry,  1894,  p.  215. 

«  D.  R.  Patent,  No.  61043. 

'  IngaUs,  Th€  Metallurgy  of  Zinc  ajtd  Coflmium,  p.  139. 
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the  furnace  there  are  seven  upright  hollow  shafts  bearing  the  rabble 
arms,  and  these  are  set  in  motion  by  a  horizontal  shaft  in  the  arch 
underneath  the  hearths.  The  ore  fed  into  the  uppermost  hearth  is 
moved  forward  by  the  first  rabble  into  the  sphere  of  action  of  the 
second,  thence  into  that  of  the  third,  and  so  forth  until  it  falls 
through  a  slot  at  the  end  of  the  hearth,  opposite  to  the  charging- 
end,  on  to  the  next  lower-lying  hearth.  This  it  traverses  in  the 
opposite  direction,  then  falls  on  to  the  lowest  hearth,  is  rabbled  along 
this  in  the  same  direction  as  on  the  topmost  hearth,  and  finally  is 
discharged.     The  rabble  arms  are  so  arranged  that  no  interference 


Fig.  58. 


with  one  another  can  take  place  during  their  rotation.  They  are 
hollow,  and  are  kept  cool  by  air  which  passes  through  the  hollow 
shaft. 

Air  for  oxidation  purposes  is  introduced  into  the  furnace  by 
means  of  a  fan.  In  the  side  walls  of  the  furnace  there  are  d(K>rs, 
usually  closed,  which  allow  of  the  removal  of  worn-out  rabble  arms. 
and  their  replacement  by  new  ones.  Neighbouring  rabble  arms  move 
in  opposite  directions  so  that  the  path  of  the  ore  in  the  furnace  i^ 
sinuous.  The  hearths  are  built  of  thin  bricks,  which  rest  on  arches  of 
hollow  brick  (Fig.  58).  The  furnace  hms  4  fire-grates.  Nothing  is 
known  as  to  the  economic  results  of  calcination  with  this  furnjvce. 
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Another  more  recent  muffle  furnace  with  travelling  rabble,  like 
that;  of  the  Wethey  furnace,  has  been  designed  by  Wetherill.^ 


Calcination  in  Furnaces  with  Movable   Woi^king  Chambers 

These  furnaces  are  formed  by  rotating  cylinders  in  which  the 
flame  is  kept  separate  from  the  ore.     Such  a  furnace  has  been  pro- 
1  U.  S.  Patent,  No.  678078,  July  9,  1901. 
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posed  by  Koehler  in  Lipine.^  It  consists  of  a  rotating  cylinder  of 
cast-  or  wrought-iron,  lined  with  firebrick,  and  fired  with  gas.  In 
that  portion  of  the  lining  which  is  nearest  the  interior  of  the  furnace 
there  are  flues  parallel  to  the  axis  of  the  cylinder  traversed  by  the 
burning  gases.  In  that  portion  of  the  lining  nearest  the  outside  of 
the  furnace  there  are  air  flues  running  parallel  to  the  heating  flues. 
In  the  former,  the  air  required  for  oxidation,  which  moves  in  the 
opposite  direction  to  the  products  of  combustion,  is  first  heated,  and 
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enters  at  one  end  of  the  cylinder  through  a  tube  lying  in  the  axis  of 
the  furnace.  The  products  of  calcination  escape  at  the  opposite  end 
of  the  furnace  by  means  of  another  tube  also  lying  axially.  The  zinc 
blende  is  automatically  charged  into  the  furnace  by  means  of  an 
apparatus  atUxched  to  a  hopper,  and  is  automatically  discharged  at 
the  opposite  (hottest)  end.  The  furnace  is  thus  continuous-acting. 
In  the  interior  of  the  furnace  there  are  walls  provided  with  apertures 
which  divide   the  furnace  to  some  extent  into  different  chamb(»rs. 


D.  R.  Patent,  No.  57522,  May  7,  1890. 
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the  object  of  which  is  to  prevent  the  products  of  calcination,  concen- 
trated in  the  last  chambers,  from  striking  back.  A  furnace  of  this 
description,  24  feet  4  inches  long,  is  in  use  at  Lipine  for  the  dead- 
roasting  of  blende ;  and  another  similar  furnace,  36  feet  9  inches 
long,  is  used  for  the  preliminary  roasting  of  blende  containing 
pjrites,  with  the  object  of  converting  the  pyrites  into  magnetic 
oxide  of  iron.  By  the  magnetic  treatment  of  this  calcined  ore  the 
greater  part  of  the  iron  can  be  removed.  Nothing  is  known  as  to 
the  working  of  these  furnaces.  A  rotating  cylinder  with  the  flues 
in  the  centre  of  the  furnace — the  Douglas  furnace — has  also  been 
proposed  for  the  calcination  of  sulphide  ores.  It  is  described  and 
figured  in  Vol.  I.,  page  108. 


Utilisation  of  the  Products  of  Calcination. 

The  products  of  mufSe  calcination  have  up  to  the  present,  with 
but  few  exceptions,  been  used  exclusively  for  the  production  of 
English  sulphuric  acid,  the  method  of  manufacture  of  which  may  be 
taken  as  known.  They  may  also,  however,  be  used  for  the  prepara- 
tion of  sulphuric  anhydride,  of  fluid  sulphur  dioxide,  of  sodium  sul- 
phate, of  sulphuretted  hydrogen,  of  sodium  hyposulphite,  of  sulphur, 
and  for  the  solution  of  copper.  The  preparation  of  these  bodies, 
with  the  exception  of  the  sulphur,  can  only  be  carried  out  with 
advantage  under  certain  local  conditions,  on  account  of  the  small 
demand. 

When  the  products  of  calcination  are  to  be  used  for  the  prepara- 
tion of  chamber  acid,  three  Hasenclever  double  furnaces  are  united 
in  one  chamber  system,  efficient  draught  being  provided  for  by 
leading  the  gases  from  each  furnace  through  separate  flues  into  the 
Glover  tower.  These  flues  are  built  close  together,  and  unite  just 
before  entering  the  Glover  tower  (Fig.  61).  To  protect  the  workmen 
from  injury  by  heat,  passages  12  yards  wide  are  left  between  the 
furnaces. 

The  Glover  towers  are  filled  with  pressed  bricks  known  as  clinker, 
which  rest  on  a  grating  of  sandstone  blocks ;  they  are  placed  close  to 
the  Gay  Lussac  towers  in  order  to  facilitate  their  working  and  super- 
vision. The  chamber  system  comprises  two  main  and  two  secondary 
chambers,  and  the  gases  pass  through  these  in  the  oi*der  stated,  escap- 
ing from  the  last  secondary  chamber  into  the  Gay  Lussac  tower 
through  a  long  lead  pipe.  From  the  Gay  Lussac  tower  they  escape 
into  the  open  through  a  vertical  pipe.     Two  systems,  each  of  255,000 
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cubic  feet  capacity,  with  corresponding  calcining  furnaces,  are  repre- 
sented in  Figs.  61  to  64>  The  sides  of  the  chambers  are  covered  with 
wood,  and  the  tops  are  roofed  with  tiles  as  a  protection  against  change 
of  temperature  and  destruction  by  weathering.  The  cross-section  of 
the  chambers  is  six-sided,  for  this  economises  lead  and  allows  of  a 
better  utilisation  of  the  chamber  space  and  easier  access  to  the  chamber 
coverings.  The  weight  of  the  chambers  and  their  contents  is  borne 
by  stone  pillars.  The  draught  in  this  system  is  produced  by  the  out- 
let pipes  of  the  Gay  Lussac  towers.  In  other  works  it  is  derived 
from  chimneys.  Fans  are  used  for  this  purpose  in  the  United  States, 
and  the  yield  of  acid  (60°  B.)  is  said  to  be  increased  thereby  up  to 
25  lbs.  in  24  hours  per  100  cubic  feet  of  chamber  space.  The  waste 
gases  contain  from  4  to  8  per  cent,  of  oxygen  in  Germany ;  in  Prussia 
they  are  not  allowed  to  contain  more  than  1  oz.  of  sulphur  trioxide 
in  120  cubic  feet.     The  capacity  of  these  chamber  systems  varies 


Fio.  63. 


Fig.  64. 


between  35,000  and  42,000  cubic  feet ;  those  described  in  the  figures 
have  a  capacity  of  255,000  cubic  feet.  All  but  the  small  systems  can 
be  worked  with  satisfactory  consumption  of  saltpetre. 

In  recent  times  the  gases  obtained  by  roasting  zinc  blende  in 
muffles  have  been  used  in  the  preparation  of  sulphuric  anhydride  and 
of  concentrated  and  English  sulphuric  acid  by  the  contact  process. 

Sulphuric  anhydride  was  first  manufactured  by  Winkler  at  the 
Jfulden  Works  near  Freiberg, .  firom  the  products  of  calcination  of 
pyritic  lead  and  silver  ores.  The  products  of  calcination  were  fii-st 
led  into  lead  chambers  filled  with  fragments  of  coke,  of  burnt  clay  or 
of  quartz,  over  which  concentrated  sulphuric  acid  trickled,  and  then 
passed  through  iron  vessels  heated  externally,  and  containing  inside 
platinised  asbestos.  The  object  of  the  first  portion  of  the  process 
was  the  removal  of  water  vapour,  whilst  by  means  of  the  catalytic 
action  of  the  platinum,  sulphur  dioxide  and  oxygen  united  to  form 
sulphur  trioxide.  The  gases  carrying  sulphuric  anhydride  were  led 
»  Chem,  Ifuluatrie,  1899,  No.  2. 
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into  towers  in  which  concentrated  sulphuric  acid  trickled  down.,  so 
as  to  absorb  the  anhydride,  which  was  distilled  off  from  the  solution 
of  anhydride  in  sulphuric  acid  thus  produced.  The  gases  escaping 
from  the  absorption  towel's  still  contained  the  sulphur  dioxide  which 
had  not  been  converted  into  sulphuric  anhydride,  and  these  were 
then  conducted  into  lead  chambers  for  sulphuric  acid  manufacture. 
By  the  use  of  this  process  only  half  the  sulphur  dioxide  at  most 
was  converted  into  anhydride. 

It  has  been  shown  by  recent  investigations  that  it  is  possible  to 
convert  95  per  cent,  of  the  sulphur  dioxide  into  trioxide  by  careful 
regulation  of  the  temperature,  purification  of  the  gases  from  harmful 
constituents,  and  by  proper  arrangement  of  the  contact  apparatus 
and  choice  of  a  suitable  contact  substance.     The  gaseous  products 
of  calcination  are  scrubbed,  dried,  led  into  the  contact  apparatus,  and 
on  issuing  therefrom  are  absorbed  by  sulphuric  acid.     This  arrange- 
ment allows  of  the  preparation  of  acid  of  any  desired  strength.     As, 
however,  sulphuric  anhydride  has  but  a  limited  application,  concen- 
trated sulphuric  acid  from  66°  B.  and  upwards  is  generally  prepared. 
The  passage  of  the  gases  through  the  various  parts  of  the  plant 
must  be  brought  about  by  blowing  or  exhausting  fans.     The  contact 
process  is  more  expensive  as  yet  than  the  chamber  process.     Finely- 
divided  platinum,  in  Freiberg,  platinised  asbestos,  is  used  as  the 
contact  substance.     Winkler  s  Patent  (1878)  is  "  for  the  chemical 
transference  of  contact  reagents  to  bulky  bodies,  inactive  in  them- 
selves, in  a  manner  similar  to  the  dyeing  of  the  fibres  of  a  fabric,"   The 
Zinc  Industrial  Society,  formerly  Wilhelm  Grillo  and  Schroder,^  use 
soluble  salts  of  the  alkalis  and  the  alkaline  earths,  and  metallic  salts 
generally,  as  carriers  of  the  platinum.     The  contact  substance  is  pre- 
pared by  mixing  solutions  of  the  salts  in  question  and  platinum 
salts,  evaporating  the  solution  to  dryness,  and  breaking  up  the  crusti* 
which  form  into  grains  of  approximately  the  same  size.     The  dust 
which  is  formed  in  this  process  is  re-dissolved,  and  the  solution  tre;ited 
as  before  until  all  the  material  has  been  brought  into  granules  of 
suitable  size.     It  is  then  brought  into  the  contact  apparatus  and 
heated,  whereby  the  platinum  salts  are  decomposed  and  the  platinum 
is  left   in   a   state    of  very  fine   subdivision.     The  preparation  uf 
concentrated  sulphuric  acid  from  zinc  blende  by  this  process  is  in 
use  at  Ham  born  in  Bergisch-Gladbach,  at  Lipine  in  Upper  Silesia, 
and  at  Mineral  Point  in  the  United  States. 

Fluid  sulphur   dioxide   is   manufactured   from  the  products  oi 
calcination  of  zinc  blende  in  muffles,  at  the  zinc  works  at  Hainl>«>rn 
^  1).  R.  P.,  N()8.  102,  244. 
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near  Oberhausen,  and  the  Silesia  Works  near  Lipine.    Having  regard 
U)  the  still  restricted  applications  of  fluid  sulphur  dioxide  (for  the 
manufacture  of  sulphite  cellulose,  for  the  production  of  cold,  for  the 
manufacture  of  sugar,  and  for  bleaching),  and  to  the  great  expenses 
entailed  by  the  plant  for  its  manufacture,  it  is  not  to  be  expected 
that  its  production  from  the  products  of  calcination  will  be  much 
extended  in   the   immediate   future.     At   the   Guido  Works,  near 
Chropaczow,  in  Upper  Silesia,  where  the  process  had  been  in  use  for 
some  considerable  time,  it  has  lately  been  stopped,  sulphuric  acid 
works  being  in  course  of  erection  there.     The  process  employed  was 
invented  by  Schroder  and  Hanisch.     As  it  sepanites  gaseous  sulphur 
dioxide  firom  the  gases  evolved  from  the  muffle  furnaces  in  a  condition 
of  great  concentration,  in  which  it  may  also  be  employed  for  other 
purposes,  it  deserves  somewhat  fuller  consideration.     The  process^ 
consists  in  absorbing  sulphur  dioxide  out  of  the  gases  by  means 
of  water  trickling  through  a  coke   tower,  in   expelling   from   this 
water  the  sulphur  dioxide  in  a  concentrated  state  mixed  only  with 
a  small  amount  of  water  vapour  by  means  of  heat,  in  separating 
the  moisture  from  the  mixed  gases  by  means  of  concentrated  sul- 
phuric acid  or  calcium  chloride,  and  in  condensing  the  concentrated 
gaseous  sulphur  dioxide  thus  obtained  by  means  of  a  compressor. 
This  process   does  not  admit  of  the  preparation  of  concentrated 
sulphur  dioxide  from  the  gases  of  reverberatory  furnaces  with  advan- 
tage; it  can  only  be  produced  from  gases  which  contain  at  least 
4  per  cent,  by  volume  of  sulphur  dioxide,  such  as  are  evolved  from 
shaft  furnaces  and  muffle  furnaces.     As  regards  the  execution  of  the 
process,  the  absorption  of  the  sulphur  dioxide  is  performed  in  coke 
towers  through  which  water  trickles.    The  sulphur  dioxide  is  expelled 
from  the  water  in  three  forms  of  apparatus,  in  which  the  heat  of  the 
pnxlucts  of  calcination  in  part,  and  in  part  the  latent  heat  of  water 
vapour  which  is  developed  when  the  sulphur  dioxide  is  expelled  from 
the  water  containing  the  latter,  in  part  the  residual  heat  of  the  water 
freed  from  sulphur  dioxide,  are  all  utilised.     The  acid  water  is  first 
conveyed  into  a  system  of  low  lead  chambers  in  which  it  is  warmed 
by  means  of  the  water  from  which  the  acid  has  been  driven  off,  which 
surrounds  these  chambers.    Thence  it  passes  into  closed  leaden  tanks 
tinder  which  circulate  hot  gases  as  they  escape  from  the  furnace 
before  they  pass  into  the  absorption  tower.    The  heat  which  they  give 
>fr  to  the  tanks  raises  the  fluid  contained  in  the  latter  to  the  boiling 
X)int.    The  sulphur  dioxide  escapes,  in  consequence,  from  the  boiling 
K>lution  and  enters  the  dehydrating  apparatus.     The  boiling  fluid, 
1  D.  R.  PatenU,  Nos.  26181,  27581,  and  36721. 

H   2 


100  METALLURGY 

not,  however,  quite  free  from  acid,  is  drawn  off  from  the  leaden  tanks 
into  a  so-called  colonne,  in  which  the  last  portions  of  sulphur  dioxide 
are  removed  from  it  by  the  direct  action  of  steam,  the  steam  being 
separated  from  the  sulphur  dioxide  by  means  of  a  spray  of  cold  water. 
The  hot  water,  now  free  from  acid,  is  used  for  heating  the  acid  water 
as  it  first  escapes  from  the  absorption  towers,  by  allowing  it  to  escape 
from  the  colonne  through  a  system  of  lead  chambers  which  surroimd 
the  lead  chambers  containing  the  acid  water.  Water  vapour  is  best 
separated  from  the  sulphur  dioxide  which  has  been  driven  out  of  the 
water  by  allowing  the  gaseous  mixture  to  ascend  through  a  tower 
filled  with  coke,  down  which  concentrated  acid  is  trickling,  which 
absorbs  all  the  water.  The  sulphur  dioxide,  thus  completely  de- 
hydrated, is  compressed  to  a  liquid  by  means  of  a  force-pump  made 
of  bronze,  and  is  collected  in  iron  vessels  of  sufficient  strength. 
The  pressure  that  has  to  be  employed  varies  according  to  the  season 
from  2  to  3J  atmospheres.  The  intermixed,  difficultly  compressible 
gases  are  allowed  to  escape  into  the  absorption  tower  by  means  of  a 
valve  placed  in  the  receiver.  The  fluid  sulphur  dioxide  is  shipped  in 
iron  vessels.  It  contains  99*8  per  cent,  of  pure  SO.^.  The  gases 
evolved  from  the  calcination  of  zinc  blende  at  Hamborn  and  Lipine 
contain  about  6  per  cent,  by  volume  of  sulphur  dioxide;  in  the 
absorption  tower  this  is  removed  from  the  gases  down  to  0'05  per 
cent,  by  volume.  The  water  which  flows  out  from  the  tow^ers  con- 
tains 12  pounds  of  sulphur  dioxide  in  100  gallons. 

The  construction  of  the  plant  for  the  production  of  fluid  sulphur 
dioxide  from  the  products  of  calcination  is  shown  in  Fig.  65.^ 

The  gases  pass  from  the  calcination  furnace  through  the  flue  a 
into  the  absorption  tower  b.  On  their  road  to  the  latter  they  give 
off  their  heat  to  the  leaden  tanks  e.  They  ascend  in  the  lead  tower 
filled  with  coke  and  are  freed  from  their  sulphur  dioxide  by  means 
of  water  coming  from  the  distributer  V.  The  gases  that  reach  the 
top  end  of  the  tower,  consisting  of  nitrogen,  oxygen,  and  very  minute 
quantities  of  sulphur  dioxide,  are  conveyed  by  the  descending  tnbe  '• 
into  the  stack.  The  water  containing  sulphur  dioxide  in  solution 
esca])es  from  the  pipe  d  at  the  foot  of  the  tower  first  into  a  heating 
apparatus,  which  is  omitted  in  Fig.  65,  but  is  shown  separately  in 
Fig.  66.  It  consists  of  a  series  of  flat  leaden  chambers  each 
16  inches  deep,  disposed  one  above  the  other,  these  lead  chamlx^rs 
forming  two  systems.  In  the  one  system  the  solution  which  I- 
to  be  warmed  ascends,  whilst  in  the  other  system  the  hot  water 

^  ZtitHchr.  f.  Av</ewandf€  Chtmie^  1888,  p.  448;  Lunge,  Sodit  [udnMrie^   vol.  i. 
p.  204. 
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descends,  giving  off  its  heat  to  the  ascending  fluid.  For  this  purpose 
the  chambers  are  so  arranged  that  a  chamber  of  the  one  system 
alternates  regularly  with  one  of  the  other.  In  the  chambers  marked 
with  odd  numbers,  1,  3,  5,  7,  9,  11  and  13,  the  acid  solution  is  ascend- 
ing, whilst  in  the  chambers  with  even  numbers,  14,  12,  10, 8,  6,  4  and 
2,  the  hot  water  is  flowing  down.  The  adjacent  chambers  of  each 
system  are  so  united  with  each  other  that  the  combination  takes  up 
the  whole  side  of  the  chamber.  The  individual  chambers  are  stayed 
by  means  of  strips  of  lead  made  fast  inside  them,  these  lying  in  the 
direction  of  the  flow  of  the  solution.  The  acid  water  escaping  from 
the  absorption  tower  enters  at  d  into  chamber  No.  1,  rises  at 
d'  into  chamber  No.  2,  at  d"  into  No.  3,  and  so  on,  till  it  escapes 
at  8'  from  the  last  chamber  13  in  a  heated  state,  entering  the 
leaden  tanks  e  at  cT.     The  hot  water  passes  in  the  opposite  direction. 


^S^^  f.^       *  rS- 


Figs.  65  and  i 


It  enters  the  topmost  chamber  14,  through  the  tube  q,  flows  through 
it  and  passes  from  the  end  of  it  by  a  tube  not  shown  in  the  figure 
into  the  chamber  12;  from  this  into  No.  10,  and  so  on  until  it 
esca|)es  at  the  end  of  chamber  No.  2  through  the  tube  x  after  having 
^ven  off  the  greater  portion  of  its  heat.  The  acid  solution  which 
has  thus  been  warmed  passes  through  the  tube  d"  into  the  leaden 
Unks  e,  which  it  traverses  one  after  the  other.  It  is  here  heated 
to  boiling  point  by  means  of  the  hot  products  of  calcination  passing 
underneath  the  tanks,  and  in  consequence  gives  oft' sulphur  dioxide 
mixed  with  a  certain  amount  of  water  vapour.  This  gaseous  mixture 
Hows  through  the  tube /into  the  water-cooled  worm  /7,  in  which  a 
portion  of  the  water  vapour  is  condensed ;  thence  it  flows  back 
through  the  above-named  pipe  into  the  tanks  or  into  the  colonnCy 
and  thence  through  the  tubes  A  into  the  drying  tubes  i,  in  which  the 
last  portion  of  the  water  vapour  is  retained  by  means  of  coke  soaked 
in  concentrated  sulphuric  acid.  From  the  drying  chamber  the  sulphur 


102  METALLURGY 

dioxide  passes  through  the  tube  k  into  the  compressor.  In  oixler  to 
regulate  the  pressure  a  siik  bag  r  is  interposed  in  the  tube  k. 
According  to  the  size  of  this  bag  the  movement  of  the  pump  I  is 
regulated.  The  gas  is  forced  through  the  tube  8  into  the  worm  t  in 
which  it  is  liquefied.  The  liquid  sulphur  dioxide  flows  out  of  the 
worm  into  a  wrought  iron  tank  u.  The  gases,  oxygen  and  nitrogen, 
which  are  carried  with  the  fluid,  escape  when  the  valve  q  at  the  top 
of  the  tank  is  opened  into  the  tube  v\  which  leads  them  to  the 
absorption  tower.  The  fluid  sulphur  dioxide  is  drawn  off  fix)m  the 
tank  into  wrought  iron  cylinders  v  holding  110  or  120  lbs.,  or  else 
into  tank  wagons  holding  10  tons. 

The  boiling  solution  that  remains  behind  in  the  tank  e  contains 
a  small  quantity  of  SO.^ ;  to  extract  the  latter  it  is  run  through  the 
tube  m  into  the  colonne  n,  where  it  is  raised  to  boiling  by  means  of 
vapour  entering  from  below  through  a  tube  o,  whilst  water  is  sprayed 
into  the  upper  end.     The  sulphur  dioxide  and  the  steam  rise  in  the 
tower,  are  in  part  condensed  by  the  water  trickling  down,  and  ex- 
pelled  again   when   the   latter  reaches   the   bottom.      Of  the  gas 
escaping  from  the  upper  end  of  the  colouTie,  the  steam  is  condensed 
by  the  water  spray  and  flows  down  with  the  latter.     A  portion  of  the 
sulphur  dioxide  is  here  absorbed  by  means  of  this  water.     As  the 
quantity  of  the  latter  only  suffices  for  the  absorption  of  a  relatively 
small  proportion  of  the  sulphur  dioxide,  the  greater  portion  of  the 
gas  escapes  from  the  tube  p  into  the  worm  g,  and  there  unites  with 
the  gas  evolved  from  the  tanks  e.     The  solution  trickling  down  in 
the  colonne  gradually  loses  its  sulphur  dioxide  as  it  is  raised  to  the 
boiling  point  by  the  steam,  and  thus  reaches  the  bottom   of  the 
colonne  free  from  sulphur  dioxide ;    thence  it   escapes  through   the 
tube  q  into  the  above-described  lead  chambers  and  warms  the  acid 
water  coming  from  the  absorption  towers.     The  colonne^  which  con- 
sists of  a  tower,  the  lower  portion  of  which  is  filled  with  circular  tiles 
and  the  upper  portion  with  coke,  has  recently  received  certain  ini- 
provements.1     It  is  shown  in  Fig.  67  (D.  R.  P.  36721).     The  hot 
steam  enters  at  a ;  a  water-spray  is  produced  by  the  rose  6 ;  through 
the  tube  d  sulphur  dioxide  escapes  ;  through  the  tube  e  the  solution 
escapes  after  it  has  been  freed  from  acid  and  has  been  heated  to  the 
boiling  point.     By  means  of  the  circular  tiles,  the  solution  that  is 
trickling  down  is  delayed,  and  thus  better  exposed  to  the  action  of 
the  ascending  steam.     The  cylinders  in  which  fluid  sulphur  dioxide 
is  sent  into  the  market  are  shown  in  Figs.  68  and  69.     They  have  a 
screw  valve  c  which  is  protected  by  the  cap  a  when  they  are  being 
1  D.  R.  Patents,  Nos.  36721,  52025. 
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transported.     If  sulphur  dioxide  is  to  be  employed  in  the  gaseous 

form  the  bottle  is  placed  verti- 

c<illj  (Fig.  68).     The  spindle  of 

the  screw  valve  c  is  turned  by 

means  of  a  key  and  opens  the 

pipe  h ;  through  the  latter  gaseous 

sulphurous  acid  then  escapes  and 

continues  to  do  so  until  the  tem- 

jxirature,  in  consequence  of  the 

evaporation    of  the    liquid,  falls 

to  — 10**  C.  A  further  quantity  of 

gas  can  then  only  escape  when 

the  cylinder  has  taken  up  from 

its   surroundings    the    requisite 

quantity  of  heat.    If  the  sulphur 

dioxide  is  to  be  utilised  in  the 

fluid  state    the  cylinder  is  laid 

down  so  that  the  small  tube  b  is 

uppermost  (Fig.  69).     By  means 
of  the  pressure  of  the  gas,  fluid 

sulphur  dioxide  is  then  forced 
out  through  this  tube.  The 
whole  contents  of  the  bottle  can 
be  expelled  by  means  of  the 
bent  tube  n  which  reaches  to  the 
bottom.  To  safeguard  against 
explosions  the  cylinders  are 
tested  to  a  pressure  of  50  atmo- 
spherea  The  vapour  tension  of 
sulphur  dioxide  amounts  at  10°  C. 
to  1*6  atmospheres;  at  20°  to 
2  4:  at  30**  to  3'51,  and  at  40°  to 
5' 15  atmospheres.  These  bottles 
are  best  preserved  in  some  locality 
where  the  temperature  does  not 
exceed  40°  C. 

Sulphur  dioxide  evolved  from 
muffle  furnaces  is  also  suitable 
for  the  preparation  of  sodium  sul- 
phate from  common  salt,  accord- 
ing to  the  process  of  Hargreaves, 
which   has    been   practised  in  a  ^,^^67, 
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number  of  English  soda  works,  and  since  the  year  1890  at  the 
Rhenania  Works.  It  consists  in  leading  the  products  o{  calcination 
mixed  with  air  and  water  vapour  into  a  cast-iron  cylinder  heated 
externally,  inside  which  spherical  pieces  of  salt  are  arranged  upon 
an  iron  grating.  Sodium  sulphate  is  thus  formed  with  the  evolution 
of  hydrochloric  acid. 

These  sulphurous  gases  are  also  available  for  the  production  of 
sulphuretted  hydrogen  by  passing  them,  mixed  with  water  vapour, 
through  shaft  furnaces  filled  with  glowing  coke,  which  is  kept  at  a 

red  heat  by  passing  air  from    time    to    time  over  it. 

Sulphuretted  hydrogen  forms  in  accordance  with  the 

equation : — 

S02+H20  +  3C  =  H2S+3CO. 

Sulphuretted  hydrogen  is,  however,  used  but  rarely, 
and  only  in  limited  quantities,  for  the  precipitation  of 
metals  such  as  copper  and  silver  from  their  solutions, 


Fio.  08. 
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SO  that  there  is  no  probability  that  this  process  will  be  introducetl 
into  blende  calcining  establishments. 

Sodium  hyposulphite  (thiosulphate)  can  be  produced  from  these 
gases  by  passing  them  through  a  solution  of  sodium  sulphide,  the 
salt  being  formed  and  sulphur  produced  simultaneously.  Its  employ- 
ment for  the  extraction  of  silver  is,  however,  a  very  limited  one, ») 
that  the  utilisation  of  the  products  of  the  calcination  of  blende  for 
this  purpose  does  not  seem  practicable. 

Although  there  is  a  large  demand  for  sulphur,  its  production 
from  the  gases  evolved  from  muffle  furnaces  is  tolerably  expensive, 
and  has  not,  therefore,  been  conducted  on  a  large  scale.  It  can  be 
produced  from  these  gases  directly  by  passing  them  into  solutions  oi 
the  polysulphides  of  sodium  or  calcium,  and  by  allowing  the  gases  ti> 
act  upon  sulphuretted  hydrogen,  or  indirectly  by  first  separating  out 
the  sulphur  dioxide  and  reducing  the  latter  by  carbon  or  coal  gas. 
Polysulphides  of  the  alkaline  earths  will  only  be  used  for  the  manu- 
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facture  of  sulphur  when  they  can  be  obtained  free  of  cost  as  the 
noxious  bye-products  of  other  processes,  such  as  the  decomposed 
residues  from  Le  Blanc  soda  works.  By  means  of  sulphuretted 
hydrogen,  sulphur  can  be  obtained  from  the  products  of  calcination 
by  allowing  both  gases  to  ascend  through  wooden  towers  in  which  a 
solution  of  calcium  chloride  is  trickling  down,  sulphur  being  formed 
in  accordance  with  the  equation  : — 

The  gases  are  introduced  at  the  bottom  of  the  tower,  whilst  the 
solution  of  calcium  chloride  which  causes  the  sulphur  to  separate 
out  enters  at  the  top  and  trickles  down  the  tower,  flowing  over 
wooden  plates  inclined  alternately  in  opposite  directions.  The 
sulphur,  which  is  thrown  down  upon  these  boards,  escapes  with  the 
solution  of  calcium  chloride  from  the  towers  into  a  series  of  vats  placed 
one  below  the  other,  in  which  it  is  deposited,  whilst  the  clear  solution 
is  pumped  up  to  the  top  of  the  towers  to  be  used  over  again.  The 
sulphur  is  melted  according  to  SchafFner's  method  under  water  by 
means  of  steam  at  2  J  atmospheres  pressure.  Sulphuretted  hydrogen 
can  be  produced  (unless  it  is  available  as  a  bye-product  of  certain 
processes)  as  described  above,  viz.,  by  leading  a  portion  of  the 
pnjducts  of  calcination,  together  with  water  vapour,  through  a 
column  of  red-hot  coke.  It  may  also  be  produced  according  to 
Chance  s  method,  by  treating  residues  from  the  Le  Blanc  soda  works 
with  carbon  dioxide.  This  process  can  only  be  recommended  when 
sulphuretted  hydrogen  is  available  without  any  great  expense. 

Sulphur  can  only  be  produced  by  the  reduction  of  sulphur 
dioxide  by  carbon  when  the  gases  are  in  a  concentrated  form, 
Mich  as  are  employed  for  the  manufacture  of  the  fluid  sulphur 
dioxide  according  to  the  Schroder  and  Hanisch  process.  It  cannot, 
therefore,  be  produced  direct  from  the  gases  from  muffle  furnaces, 
hut  only  after  a  previous  concentration  of  the  latter  by  the  aid 
of  water.  In  the  earlier  experiments  for  the  production  of  sulphur 
from  the  diluted  gases  a  portion  of  the  carbon  was  burnt  to  waste 
hy  the  action  of  the  air  contained  in  the  gases;  moreover,  in 
consequence  of  the  dilution  of  the  sulphur  dioxide  by  indifferent 
gases,  its  reduction  to  sulphur  was  only  very  imperfect.  The 
extraction  of  sulphur  from  the  sulphur  dioxide  concentrated  as 
above  described  has  been  patented  by  Schroder  and  Hanisch.  The 
C'mcentrated  sulphur  dioxide  is  first  passed  through  a  muflSe  filled 
with  red-hot  coke,  and  then  through  a  second  vertical  muffle  which 
contains  red-hot  indifferent  bodies  known  as  "intact  bodies,"  such  as 
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firebricks  and  burnt  clay.  In  the  muffle  filled  with  coke  about  half 
the  sulphur  dioxide  is  reduced  to  sulphur,  whilst  in  the  second 
muffle  the  sulphur  dioxide  which  still  remains  and  the  gases  formed 
in  the  first  muffle,  viz.,  carbon  monoxide,  carbon  bisulphide,  and 
carbon  oxysulphide,  act  upon  each  other,  the  products  being  carbon 
dioxide  and  sulphur.  The  sulphur  vapours  and  carbon  dioxide  esciipo 
from  the  second  muffle  into  a  condensing  chamber  in  which  the 
greater  portion  of  the  sulphur  is  deposited  in  the  fluid  state,  and  a 
small  portion  as  flowers  of  sulphur.  In  some  experiments  tried  at  the 
Grillo  Zinc  Works  99  per  cent,  (by  volume)  of  the  sulphur  dioxide  was 

thus  reduced  to  sulphur.  The 
gases  escaping  from  the  con- 
densing chamber  contained  96 
to  97  per  cent,  by  volume  of  car- 
bon dioxide,  and  2  to  3  per  cent. 
•^  of  carbon  monoxide.  Accord- 
ing to  the  patents  of  Schrckler 
and  Hanisch,  the  reduction  of 
sulphur  dioxide  can  also  be 
performed  by  means  of  carbon 
monoxide,  coal-gas,  or  any 
other  gas  rich  in  carbon.  As 
to  the  economic  results  ob- 
tained by  the  extraction  of 
sulphur  in  the  above  manner 
no  opinion  can  be  given  at 
the  present  time,  as  the  pro- 
cess has  not  been  carried  out  on 
a  large  scale.  The  concen- 
trated sulphur  dioxide  pro- 
duced by  means  of  water  has 
hitherto  been  used  exclusively  for  the  production  of  fluid  sulphur 
dioxide. 

The  utilisation  of  the  gases  from  muffle  furnaces  for  the  dissolving 
of  copper  is  only  possible  under  special  local  conditions,  and  even  then 
on  a  very  small  scale,  as,  for  example,  for  the  extraction  of  copper 
from  poor  oxidised  or  acid  copper  ores,  or  for  dissolving  copper  from 
cement  copper  containing  gold  or  silver.  In  the  first  case  the  gases 
produced  in  calcination,  together  with  water  vapour  and  nitrous 
gases,  are  allowed  to  act  upon  the  ores  lying  upon  a  grating  com- 
posed of  stone  or  wood.  In  the  second  case  Rossler  s  arrangement 
may  be  used.     This  is  shown  in   Fig.  70,  and  consists  of  a  vessc*! 


Fio.  70. 
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of  wrought  iron  A,  containing  a  solution  of  sulphate  of  copper.  By 
means  of  a  Korting  injector  B^  the  gases  are  forced  in  fine  jets  through 
a  ring  into  the  solution.  The  sulphur  dioxide  is  thereby  converted 
into  sulphuric  acid,  the  sulphate  of  copper  being  at  the  same  time 
reduced  to  cuprous  sulphate.  The  sulphuric  acid  thus  formed  dis- 
solves the  cement  copper  containing  gold  and  silver,  the  latter  metals 
being  left  behind.  Nitrogen  and  oxygen  escape  through  the  tube  Z. 
This  arrangement  is  employed  at  the  parting  works  in  Frankfort- 
on-the-Main,  where  the  gases  which  contain  the  sulphur  dioxide  are 
pixxluced  by  the  solution  of  auriferous  silver  in  boiling  concentrated 
sulphuric  acid  The  furnace  gases  may  also  be  allowed  to  act  on 
moistened  iron  as  in  Winkler's  process  for  the  preparation  of  iron 
vitriol. 


2.  The  Process  of  Reduction,  or  the  Extraction  of  Zinc 
FROM  the  Calcined  Ores 

The  reduction  of  zinc  from  the  calcined  ores  is  performed  by 
heating  the  latter  with  carbon  to  a  white  heat  in  fire-clay  vessels. 
Zinc  is  then  separated  in  the  form  of  vapour  and  is  collected  in  clay 
vessels  known  as  receivers  or  adapters.  The  process  of  reduction  is 
therefore  a  process  of  "  compound  volatilisation  "  or  of  distillation. 
The  .ores  which  are  to  be  subjected  to  this  process  contain  zinc  in  the 
form  of  oxide  or  silicate.  In  consequence  of  the  imperfect  calcina- 
tion of  zinc  blende,  small  quantities  of  zinc  may  be  present  as 
sulphide  or  sulphate.  In  the  presence  of  iron  any  sulphur  is  com- 
bined with  this  metal.  Of  foreign  bodies,  the  calcined  zinc  ores 
contain  oxides  and  silicates  of  iron  and  manganese,  sulphide  of 
iron,  lead  oxide,  sulphate  and  silicate,  silicates  of  alumina,  quartz, 
calcium  and  barium  sulphates,  antimoniates  and  arseniates,  lime, 
magnesia,  cadmium  oxide  and  silver.  Zinc  is  reduced  from  its 
oxide  both  by  carbon  and  carbon  monoxide.  By  its  reduction  by 
carbon,  carbon  monoxide  is  formed,  which  again  reduces  more  zinc, 
with  the  formation  of  carbon  dioxide.  In  what  proportion  the  carbon 
monoxide  contributes  to  the  reaction  is  not  known.  In  any  case 
the  carbon  dioxide  produced  is  immediately  reduced  to  carbon 
monoxide  by  the  excess  of  carbon  present,  so  that  it  has  no 
opportunity  of  re-oxidising  the  zinc  vapours.  It  is  only  when 
carbon  is  deficient  that  the  carbon  dioxide  can  re-oxidise  the 
zinc  at  a  red  heat.  The  fact  that  the  gas  escaping  from  the  re- 
ducing  apparatus   after   the   commencement   of  distillation   really 
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only  contains  very  small  quantities  of  carbon  dioxide  is  proved  by 
the  following  analyses  ^ : — 

Gases  feom  Retorts,  Letmathe. 

1  2  3                   4                 5 

Carbon  dioxide  .    .    .        048  1-06  O'll               MO              0-8-2 

Carbon  monoxide  .    .     not  det.  92-16  97*12  not  det.  98(>4 

Hydrogen 5;i2  183  not  det.              „                 0/2 

Niti-ogen      not  det.  I'Ol  0-41                ,,  trace 

The  gases  of  column  5  escaped  immediately  before  the  end  of  the 
distillation.  Before  the  commencement  of  distillation  the  gases 
contained  a  considerable  quantity  of  carbon  dioxide  and  hydrogen,  jus 
also  a  certain  amount  of  methane,  as  is  shown  by  the  following 
analysis  ^  : — 

Carbon  dioxide 15*58 

Carbon  monoxide 38*52 

Methane 4*17 

Hydrogen 41*70 

Nitrogen trace 

The  methane  and  a  portion  of  the  hydrogen  are  produced  by  ih^^ 
gases  evolved  from  the  lean  coal,  which  is  used  as  reducing  agent. 
Another  portion  of  the  hydrogen  is  derived  from  the  decomposition  of 
the  water  vapour,  contained  in  the  charge,  by  the  red-hot  coal.  This 
decomposition  also  produces  a  portion  of  the  carbon  dioxide  and 
monoxide.  Another  portion  of  the  oxides  of  carbon  is  produced  bv 
the  action  of  the  air  still  present  in  the  vessel  upon  the  carbon.  The 
gases  which  escape  from  the  muffles  in  the  process  of  reduction 
at  the  Munsterbusch  Works,  near  Stolberg,  show  the  following 
composition  : — • 

1  2 

Carbon  dioxide 009  0*11 

Carbon  monoxide 95-30  97*42 

Hydrogen 3*72  1*20 

Nitrogen 0*61  0*92 

Zinc  can  only  be  reduced  from  its  silicate  by  solid  carbon  with 
the  formation  of  carbon  monoxide. 

The  zinc  vapours  escape,  together  with  the  gases  formed  during 
reduction,  from  the  vessels  into  an  adapter  in  which  they  are  con- 
densed, whilst  the  gases  escape  either  direct  into  the  air  or  iuio 
arrangements  in  which  metallic  particles  carried  off  by  thetu  mav 
be  deposited.  Any  zinc  present  in  the  form  of  sulphide  is  not 
attacked  by  carbon,  and  therefore  remains  in  the  residues  after 
distillation.     Only  in  case  the  ores  contain  considerable  quantities  nf 

1  Diiifjl.  Polyl.  Joum.  237,  390  (Fischer) ;  Berg-  taul  IluUenm.  Zt^.  1880,  371 
«  Ibid. 
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iron  oxide  or  basic  silicate  of  iron  is  iron  reduced  from  these  substances 
by  the  carbon,  the  iron  reducing  any  sulphide  of  zinc  to  metallic  zinc. 
The  formation  of  sulphide  of  iron  is  not,  however,  desirable,  because 
it  destroys  the  vessels  used  for  distillation. 

Any  sulphate  of  zinc  present  in  the  ore  is  principally  reduced  to 
sulphide,  which  behaves  just  like  the  sulphide  of  zinc  which  has 
remained  undecomposed  on  the  calcination  of  the  blende. 

Fennc  oxide  is  reduced  to  ferrous  oxide  and  forms  slags  with  any 
silica  that  may  be  present  or  with  acid  silicates.  Ferrous  silicates 
combine  with  any  other  silicates  that  may  be  present  to  form  easily 
fusible  double  silicates.  They  also  have  the  property  of  dissolving 
the  silica  and  silicates  contained  in  the  material  of  which  the  vessels 
are  composed,  and  thus  contribute  to  the  perforation  and  rapid 
destruction  of  these  vessels.  They  also  envelop  portions  of  the 
charge  and  thus  cause  any  zinc  contained  in  these  portions  to  be 
retained  in  the  residues.  Basic  iron  slags  have  the  especial  property 
of  taking  up  oxide  of  zinc  and  thus  withdrawing  it  from  reduction. 
Lastly,  in  the  absence  of  silica,  metallic  iron  is  reduced  from  basic 
iron  slags,  as  also  from  oxide  of  iron.  Such  metallic  iron  decomposes 
any  other  sulphides  that  may  be  present,  with  the  formation  of 
btilphide  of  iron. 

Onde  of  manganese  is  reduced  by  carbon  to  manganous  oxide, 
which  forms  with  silica  a  very  fluid  slag.  The  latter  would  also 
envelop  portions  of  the  charge.  The  presence  of  manganous  oxide 
or  silicate  tends  to  the  destruction  of  the  vessels,  on  account  of  the 
fumiation  of  readily  fusible  double  silicates. 

Sulphide  of  iron  is  not  affected  by  the  processes  of  reduction.  It 
has  an  especial  injurious  action  in  that  it  perforates  the  walls  of  the 
ves.sels. 

0?'ide  of  lead  is  reduced  to  metallic  lead,  which  is  partly 
Volatilised  and  goes  with  the  zinc  into  the  adapters,  and  partly 
remains  in  the  residues.  As  long  as  it  is  not  present  in  too  great 
quantities,  and  as  long  as  there  are  only  reducing  gases  present  in  the 
retorts,  the  danger  of  the  formation  of  silicate  of  lead,  involving  the 
rapid  destruction  of  the  walls  of  the  retorts,  is  not  great  on  account  of 
the  ready  reducibility  of  the  oxide  of  lead.  If,  however,  there  are 
liirge  quantities  of  oxide  of  lead  in  the  charge,  a  portion  thereof  may 
still  remain  unreduced  at  the  temperature  at  which  the  formation  of 
slag  commences,  and  thus  form  a  silicate.  The  same  action  may  take 
place  even  when  lead  oxide  is  present  only  in  small  quantity  if  a 
considerable  amount  of  air  is  allowed  access  to  the  retort  during  the 
couree  of  the  distillation.     The  opinion  was  formerly  held  that  even 
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small  quantities  of  lead — 2  per  cent. — cause  the  rapid  destruction  of 
the  walls  of  the  retort ;  but  at  present  it  has  been  proved  that  the  pre- 
sence of  lead  in  the  charge  up  to  8  per  cent,  does  not  notably  affect  the 
durability  of  the  retorts.  For  instance,  at  Ampsin  (Laminne  Works) 
and  at  Corphalie,  ores  with  5  to  8  per  cent,  of  lead  and  52  per  cent, 
of  zinc,  and  at  Bleiberg  with  5  to  8  per  cent,  of  lead,  are  being  treated 
with  good  results.  The  retort  residues,  which  contain  up  to  9  per 
cent,  of  lead  in  the  form  of  small  globules,  are  ground  under  edge 
runners,  and  then  jigged,  whereby  the  percentage  of  lead  is  brought 
up  to  39.  At  the  Wilhelmine  Works,  near  Schoppinitz,  ores  with  10 
per  cent,  of  lead  have  been  treated  without  affecting  the  durability  of 
the  muffles.  The  quantity  of  zinc  left  in  the  residues  will  be 
greater  the  lower  the  temperature,  that  is  the  more  the  lead  that  is 
not  slagged  off. 

Lead  siUphate  is  reduced  to  sulphide,  which  may  react  with  iron 
reduced  from  oxide  of  iron,  so  that  the  greater  portion  of  the  lead  is 
separated  out,  with  the  formation  of  sulphide  of  iron.  Any  sulphate 
of  lead  that  has  not  been  reduced  may  be  converted  into  silicate  of 
lead  by  the  action  of  silica.  Silicate  of  lead  has  a  corrosive  action 
upon  the  walls  of  the  vessels.  In  the  presence  of  any  ferrous  oxide 
reduced  from  ferric  oxide,  carbon  may  reduce  lead  from  it,  with  the 
formation  of  ferrous  silicate,  which  also  has  a  destructive  action  upon 
the  walls  of  the  vessels. 

Silicates  of  alumina  have  no  injurious  effect  on  account  of  their 
infusibility  as  long  as  other  bases  are  not  present.  In  the  presence 
of  bases  such  as  the  oxides  of  iron,  manganese  and  calcium,  easily 
fusible  double  silicates  are  formed,  which  envelop  a  portion  of  the 
charge  and  attack  the  walls  of  the  vessels. 

Quartz  has  no  injurious  action  by  itself,  but  if  bases  such  as  ferrous 
oxide,  lime  and  manganese  oxide  are  present,  which  form  easily 
fusible  silicates,  it  combines  with  them  to  form  slags,  which  lx>th 
envelop  a  portion  of  the  charge  and  attack  the  vessels. 

Calcium  and  barium  sulphates  are  reduced  by  carbon  to  their 
respective  sulphides,  which  tend  to  retain  zinc  in  the  residues  from 
the  distillation.  According  to  Thum,^  these  substances  appear  to  give 
off  half  their  sulphur  to  the  zinc  in  the  presence  of  free  zinc  mid 
carbon,  in  accordance  with  the  equation : — 

2RSO,+Zn+4C  =  R,S  +  ZnS  +  4CO,. 

Other  metallurgists,   however,   think  that  the  presence  of  these 
sulphates  brings  about  no  loss   of  zinc.     Thus   Sander*   found    at 

*  Berg-  uiid  Huttenm.  Ztg.  1876,  p.  154.  «  /^^,  1902^  p,  4gg 
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Chaudfontaine,  ia  Belgium,  that  the  residues  from  the  distillation  of 
calcined  blende  containing  9  per  cent,  of  heavy  spar  did  not  contain 
more  zinc  than  those  obtained  from  material  free  from  heavy  spar. 
According  to  the  same  authority,  calcium  sulphate  in  quantities  up  to 
10  per  cent,  does  not  promote  the  retention  of  zinc  by  the  distillation 
residues.     More  experiments  are  needed  to  settle  this  question. 

AntimonicUes  are  partly  converted  into  antimonides  and  partly 
are  reduced  to  antimony,  which  is  volatilised  and  may  pass  into  the 
zinc.  Sulphide  of  antimony  is  decomposed  by  iron  with  the  forma- 
tion of  metallic  antimony  and  sulphide  of  iron.  Arseniates  are  partly 
reduced  to  arsenides,  whilst  in  part  arsenic  is  volatilised  from  them. 
A  portion  of  the  volatilised  arsenic  passes  into  the  zinc. 

lAme  is  only  injurious  in  the  presence  of  silica  and  oxide  of  iron, 
these  substances  tending  to  produce  fusible  silicates,  the  injurious 
action  of  which  has  already  been  pointed  out. 

Mattrusia  alone  has  no  injurious  effects,  but  in  the  presence  of  silica 
and  oxide  of  iron  likewise  tends  to  form  a  slag.  The  presence  of 
considerable  quantities  of  magnesia  tends  to  make  the  slag  difficultly 
fusible,  and  thus  prevents  the  absorption  of  zinc  by  the  latter. 

Cadmium  oxide  is  reduced  to  cadmium  and  volatilised.  Cadmium 
is  more  readily  reduced  and  volatilised  than  zinc,  and  is  therefore 
deposited  with  the  first  condensed  pulverulent  mixture  of  zinc  and 
oxide  of  zinc.     It  is  extracted  from  this  powder. 

Any  silver  contained  in  the  charge  is  only  volatilised  in  very 
small  quantities.  The  greater  portion  of  it  remains  in  the  distillation 
products,  from  which  it  can  be  obtained  by  smelting  with  lead. 

The  Charge  for  the  Process  of  Reduction, 

The  charges  arc  prepared  by  mixing  or  grinding  the  ores  with 
the  coal  used  for  reduction,  no  fluxes  being  added.  Formerly  lime 
used  to  be  added  to  silicate  of  zinc.  It  was  found,  however,  that 
this  addition  tended  to  the  formation  of  easily  fusible  double  silicates 
in  the  presence  of  other  bases,  and  has  therefore  been  discontinued. 
If  there  are  various  classes  of  zinc  ore  on  hand,  these  should  be  so 
Combined  that  a  purely  siliceous  or  a  purely  basic  grade  is  obtained 
as  far  as  possible.  If  this  is  not  feasible,  they  must  be  so  mixed  that 
the  silica  and  the  bases  shall  form  a  slag  as  difficultly  fusible  as 
possible  at  the  reduction  temperature  of  the  zinc,  as  in  the  case  when 
large  quantities  of  lime,  or,  better  still,  of  lime  and  magnesia,  or  of 
alumina,  are  combined  with  only  small  quantities  of  silica,  or,  on  the 
other  hand,  when  large  quantities  of  silica  exist  together  with  small 
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quantities  of  the  above-named  earthy  bases.    Silicates  of  alumina  arc 
difficultly  fusible  as  long  as  they  have  not  an  opportunity  of  forming 
readily  fusible  double  silicates  with  the  silicates  of  lime,  iron  or 
manganese.     In  the  presence  of  silica,  the  most  injurious  substances 
are  the  oxides  of  manganese,  iron  and  alkalies,  or  any  quantity  of 
lead  in  the  ores.     The  effect  of  these  bodies  in  the  process  of  reduc- 
tion should  be  diminished  as  far  as  possible  by  the  addition  of  zinc 
ores  free  from  iron,  manganese  or  lead.     The  ores  classified  according 
to  these  principles  are  then  mixed  with  an  excess  of  reducing  agent. 
From  the  latter,  lean  (non-gaseous)  coal  is  employed  as  free  as  possible 
from  pyrites  and  shale,  or  else  coal  that  has  been  carbonised — so-called 
"  cinder  " — or  else  small  coke,  or  a  mixture  of  raw  and  carbonised  coals. 
At  Freiberg  lignite  coke  is  also  used  as  a  reducing  agent.    An  excess 
of  the  reducing  agent  is  required  both  in  order  to  bring  the  particles 
of  ore  into  the  most  intimate  contact  possible  with  the  carbon,  and 
also  to  promote  the  formation  of  a  certain  quantity  of  carbon  mon- 
oxide.    The  latter  gas  produces  a  certain  tension  in  the  vessels,  which 
both  prevents  the  passage  through  the  pores  of    the   walls  of  the 
vessels  of  the  gases  produced  by  the  furnace  fires,  which,  on  account 
of  the  carbon  dioxide  and  oxygen  they  contain,  would  have  an  oxidis- 
ing effect  upon  the  zinc  vapours,  and  also  expels  these  vapours  into 
the  condensers  and  prevents  atmospheric  air  from  passing  into  the 
latter.     When  coal  is  employed,  hydrocarbons  are  evolved,  which,  in 
the  case  of  heavy  hydrocarbons,  are  dissociated  at  high  temperatures, 
causing  the  separation  of  a  certa,in  amount  of  carbon,  which  is  de- 
posited in  a  finely  divided  state  in  the  charge.     This  advantage  is, 
however,  counteracted  by  the  fact  that  the  expulsion  of  the  gases 
from  these  coals  requires  heat,  that  the  water  vapour  generated  has 
an  oxidising   action  upon  the  zinc,  and  that  the  zinc  vapoiirs  are 
diluted  by  the  expelled  gases. 

The  quantity  of  the  reducing  agent  has  been  increased  at  many 
works  during  recent  years.  For  calamine  and  silicate  of  zinc,  it 
amounts  to  from  one-third  to  half  of  the  weight  of  the  ore,  accord- 
ing to  the  zinc  contents,  and  in  the  case  of  calcined  zinc  blende 
from  half  to  two-thirds  of  the  weight  of  the  ore  on  account  of  it.^ 
difficult  reducibility.  The  grain  of  the  ore  and  of  the  reducing 
material  depends  on  the  one  hand  upon  the  degree  of  reducibility  ot 
the  ore,  and  on  the  other  hand  upon  the  form  of  the  vessels  in  which 
the  reduction  is  carried  out.  Silicate  of  zinc  is  more  difficultly  re- 
ducible than  calamine  or  blende,  and  as  it  is  only  reducible  by  carbon. 
and  not  by  carbon  monoxide,  requires  to  be  brought  into  the  closo!?t 
possible  contact  with  the  reducing  agent ;  both  the  ore  and  the  rv- 
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(lacing  agent   must   therefore   be   in   the   finest   possible    state   of 
division,  quite  independently  of  the  shape  of  the  vessels  of  distilla- 
tion.   They   should    either    be   ground   together  or  be   mixed   as 
thoroughly  as  possible  after  crushing.     Zinc   blende,   which  is  more 
difficultly  reducible  than  calamine,  should  also  be  ground  to  a  very 
fine  powder,  say  004  to  008  inch  mesh,  as  is  indeed  necessary  for 
its  calcination.      It   must  be  thoroughly  mixed  with  the  reducing 
agent,  which  should  be  crushed  to  about  the  same  size.     Calamine 
'calcined  zinc  carbonate)  is  reduced  comparatively  easily  by  carbon 
monoxide.     It  therefore  requires  no  such  intimate  mixture  with  the 
reducing  agent  as  does  the  silicate.     If  it  has  to  be  reduced  in  vessels 
<'f  com|>aratively  large  capacity,  such  as  muffles,  it,  together  with  the 
reducing  agent,  need  only  be  crushed  to  bean  or  nut  size.     If  it  has 
to  be  reduced  in  tubular  vessels  which  possess  but  a  small  capacity 
Compared  with  the  muffles,  it  must  be  crushed  a  great  deal  smaller, 
as  also  should    the    reducing  agent.       This   is   required  with    the 
object  of  filling  thoroughly  the  tubes  which  are  very  strongly  heated 
by  the  fire,  as  well  as  with  the  object  of  avoiding  loss  of  zinc.     This 
loss  is  partly  due   to   the   vessels  remaining  filled   at   the   end  of 
the  process  with  zinc   vapours    which  burn   and   are   thus   wasted 
^hen  the  residues  are  raked  out ;  the  more  completely  the  vessel  is 
fillwl,  the  less  is  the  quantity  of  zinc  vapour  that  can  remain  at  the 
end  of  the  distillation,  on   account   of  the   proportionately   larger 
<|>iantity  of  residues  that  will  be  present. 

The  mixture  of  ore  and  reducing  agent  is  either  produced  by 
simply  mixing  the  above-named  substances  in  a  trough  or  upon  the 
iJ^Mjir  of  the  works,  or  else  the  ingredients  of  the  charge,  which  have 
bt^n  first  crushed  separately, are  ground  together  or  mixed  in  pug  mills. 
For  instance,  at  Angleur,  in  Belgium,  ore  and  coal  are  ground  together 
in  a  Vapart  mill  down  to  006  inch  mesh.  In  order  to  prevent  the 
ground  mixture  from  being  blown  away  during  charging,  and  also 
t«>  prevent  its  being  blown  out  of  the  tubes  by  the  pressure  of  the 
?a<es  evolved  in  the  latter,  it  is  slightly  moistened  with  water.  The 
^tter  must,  however,  all  be  removed  before  the  eommencement  of 
he  distillation  of  zinc,  otherwise  the  zinc  vapours  would  be  oxidised 
)y  it. 

Vessels  in  which  the  Process  of  Reduction  is  Performed 

The  vessels  in  which  reduction  takes  place  are  nowadays  given 
he  shape  of  either  cylindrical  or  elliptical  tubes  known  as  retorts,  or 
f  prismatic  boxes   arched   above,  known   as   muffles;   in  England 
VOL.   If  I 
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crucibles  used  also  to  be  employed.  The  various  kinds  of  retorts,  with 
their  corresponding  receivers,  are  shown  in  Figs.  71 — 73. 

Fig.  71  represents  one  of  the  retorts  of  the  Belgian  furnace.  The 
furnace  itself  contains  many  of  these  retorts  arranged  in  rows  one 
above  the  other.  A  muffle  of  the  Rhenish-Westphalian  furnace  is 
shown  in  Fig.  72 ;  each  furnace  contains  two  or  three  rows  of  these 
muffles. 

Fig.  73  represents  a  muffle  of  the  Silesian  furnace.  This  funiace 
contains  only  one  row  of  muffles,  but  the  separate  muffles  are  of 
much  greater  capacity  than  those  of  the  other  two  just  mentioned. 
These  vessels  must  be  made  of  the  most  fire-resisting  materials  pos- 


Pio.  71. 


Fio.  72. 


r-i  ri(j:iiMmmm^miiifim\ 


m^^o^frnj^ffj^fj^M.^'.-  .'4 


Pio.  73. 


sible.  The  zinc  vapours  escaping  from  them  are  collected  in  receiven^ 
attached  to  them,  made  of  a  less  fireproof  material,  wherein  these 
vapours  can  condense  to  fluid  zinc.  The  gases  which  pass  with  the 
zinc  vapours  into  the  receivers  or  adapters,  and  which  consist 
substantially  of  carbon  monoxide,  pass  into  an  apparatus  attached  l-* 
the  adapters  in  which  any  metallic  portions  carried  off  with  them  csvn 
be  retained,  whilst  the  gases  are  ultimately  carried  through  flues  or 
pipes  into  stacks.  The  material  of  which  the  vessels  are  composed 
is  a  mixture  of  fireclay  and  burnt  clay,  or  burnt  clay  and  quartz.  Id 
some  works  fragments  of  broken  retorts,  and  in  America  coke,  are  alsi 
mixed  with  the  fireclay.  The  great  objection  to  these  materials  is 
that  the  clay  is  a  bad  conductor  of  heat,  and  will  not  stand  greai 
alternations  of  temperature ;  that  it  is  attacked  by  the  material  of  tht 
charge,  as  also  by  high  temperatures ;  that  it  is  not  quite  close  ii 
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texture,  but  presents  numerous  minute  fissures,  and  in  consequence 
thereof  allows  zinc  vapour  to  escape.  Steger  has  therefore  recom- 
mended the  use  of  muffles  made  of  magnesia  bricks  :  ^  these  have  not, 
however,  come  into  use  up  to  the  present.  The  mixture  at  present 
used  consists  of  raw  and  burnt  clay,  or  clean  fragments  of  old 
vessels  in  place  of  the  latter,  and  presents  the  greater  resistance  to 
fluxes,  the  higher  the  proportion  of  alumina  as  compared  with  that  of 
silica.  For  this  reason  the  attempts  which  have  been  made,  for 
example  in  Upper  Silesia,  to  add  coarse-grained  fragments  of  quartz 
U)  the  mixture  for  making  muffles  has  proved  unsuccessful  even  in 
the  case  of  basic  charges.  In  Upper  Silesia  the  vessels  are  made 
frum  clays  obtained  from  Saarau,  from  Mirow,  and  more  recently  of 
clay  from  Briesen,  near  Lettowitz  in  Moravia,  which  is  remarkable  for 
its  exceptional  fireproof  qualities.  Clay  from  Striegau,  mixed  with 
sandy  clay  from  Grojec  or  with  kaolin  from  Saarau,  Pentsch, 
Rupperadorf,  Goppersdorf,  and  with  broken  retorts  and  Neurode  slate, 
is  also  used.     The  composition  of  these  clays  is  as  follows  : — 


Locality. 


Authority. 


Silica  . 
Alamina  . 
Ferric  oxide 
Lime.  .  .  . 
Magnesia .  . 
Poush  .  .  . 
JHida  .... 


I»«  on  ignition 


1           Saarau. 

Steger.a 

I. 

II. 
50-41 

III. 

49  00 

44-76 

1  36  75 

32-66 

39-25 

0-80        3-23 

0  48 

1     — 

0-50 

0-26 

0-56 

— 

0  36 

'     0-41         1-56 

1-55 

0-37        - 

— 

11-87 

1 

11-64 

13-41 

100  07 

1 

1  99-76 

100-00 

Brieaen. 


Steger.s 


IV. 


44-88 
39-93 
0  99 
0-21 
0-08 
0-52 

1303 


V. 

VI. 

VII. 

45-46 

44-64 

44-87 

39-00 

.39-6(J 

39-76 

001 

o-oi 

1-14 

— 

— 

0-76 

trace 

trace 

trace 

— 

trace 

0-67 

— 

trace 

14-26 

14-96 

12-95 

VIII.    I 

I 

45-61 

39-31 

1-13 

0-37 

0-66 

13-25 


73    99-21     100-15    100-33 


In  Xoe.  I.  and  II.  14  per  cent,  of  the  silica  is  in  the  form  of  sand.  The  clay, 
K-coniing  to  VU.,  contained  99'07  per  cent,  of  pure  clay,  0-32  per  cent,  of  quartz, 
ukI  0  61  per  cent,  of  felspar ;  that  under  VIU.  contained  99 '67  per  cent,  of  pure  clay 
ukI  0*33  per  cent,  of  felspar. 


The  Briesen  clay,  which  is  in  the  form  of  hard  lumps,  is  broken  into 
j^rains  about  ^^  inch  in  size  and  allowed  to  stand  in  a  moist  condition 

^  PreuM.  Minist.  ZeUschrift,  1894,  p.  163. 
«  £i^9en  uMi  MtUdL  1888,  p.  63. 

'  ZeiUchr.  fur  dcLS  Berg-,  HuUtn-  und  ScUinenwtaen  im  Preiiss.  StacUe,    1896, 
p.  1  12. 
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for  some  months.     It   forms   then   an   excellent   material   for  the 
preparation  of  muffles. 

Of  the  following  analyses,  I.,  II.,  and  III.  are  of  clay  from  Striegau,^ 
a  clay  more  readily  affected  by  fire  than  that  of  Saarau.  On 
heating,  it  shrinks  strongly,  as  do  the  clays  of  Saarau  and  Briesen. 
Analysis  IV.^  is  of  Grojec  clay,  which  is  used  in  the  crude  form  and  is 
unshrinkable.  As,  however,  it  melts  at  a  white  heat,  it  can  only  be 
used  in  small  quantities,  mixed  with  other  sorts.  Analyses  V.,  VI., 
VII.,  and  VIII.  are  of  Silesian  kaolin,^  which  shrinks  on  heating  until 
its  chemically  combined  water  is  driven  off,  after  which  it  expands 
owing  to  its  high  content  of  quartz.  V.  represents  a  kaolin  from 
Pentsch,  VI.  from  Ruppersdorf  by  Strehlen,  VII.  a  washed  and  burnt 
kaolin  from  Ruppersdorf,  and  VIII.  a  kaolin  from  Goppersdorf  dried 
at  100'  C. 


SiOj ,  68-00 

AljO,     .... 

Fe.A     .... 

CaO 

MgO 

KgO   .    .    .       . 

Na^O 

Loss  on  ignition 


I. 

II. 

III. 

IV. 

,  68-00 

53-86 

58-02 

65-39 

27-00 

29-00 

29-65 

22-72 

1-81 

8-40 

0-91 

0-46 

1-15 

— 

5-00 

— 

0-78 

0-28 

— 

0-55 

0-86 

— 

— 

1-84 

j      " 

14-87 

10-91 

7-77 

VI. 


57-59  I  61-60 

29-33  I  27-23 

2-60  ,     1  24 


0-74 
0-26 


0-38 


9  33  ,     9-61 


VII.     I     VIII. 


I 


54-70 

43-00  , 

1  70  i 

0-30 

j 

0-30  I 


49-4-2 

36-69 

073 

Oi»9 

trace 

0-43 

IL'-TH 


Steger  (op.  ciL)  gives  the  following  analyses  of  crude  shale  fnnn 
Neurode  (I.),  the  same  shale  burnt  (II.  and  III.)  (this  forms  the  be<t 
diluent  for  the  clay  used  in  the  preparation  of  muffles  in  Up|H>r 
Silesia,  as  it  is  cheaper  and  more  fireproof  than  fireclay),  and  a  burnt 
shale  from  Rakonitz  in  Bohemia  (IV.  and  V.). 


I     II. 


III. 


SiO^ 43-84     55-73     54  00 

AlA 38-30     42-69  I  4492 

....  0-46  ,  0-27 
....  019  ,  0-28 
....  0-19  0-23 
....       0-42       0*50 


FeA 

CaO 

MgO 

K,0 

Na.,0.       ..... 

Loss  on  ignition  . 


0-80 

0-48 

trace 

0-60 


IV. 


52-50 
45-21 

0-81 

0-54 
0-51 


,  51-87 
I  46-39 
0-52 


I 


0-45 
0-32 


17-78       0-43        —         0-78 


^  Steger,  op.  cit.  pp.  1-12. 


ZINC 


117 


The   better    qualities    of    fireclay   used    in    Belgium    for   the 
manufacture  of  tubes  have  the  following  composition  : — 


T-Knlity. 

Aiidenne. 

Namur. 

Natoye. 

71 

.Vatoye. 

Silica 

54 

63 

76      1 

AlTunina     .... 

26 

24 

20 

18 

Ferric  oxide  .    .    . 

2 

1 

2 

trace 

Lime 



1 



j 

Water 

20 

11 

7 

'   i 

Further  analyses  are  given  in  the  next  table  (Steger,  op.  cit.). 


I 

i  SiO.. 

A\A 

Fe,03      

CaO 

MgO 

K,0 

Na,0  .    . 

Loss  on  ignition  . 


49-64     57-95 
34-78     29-53 

1-80 

0-68 

0-41  ; 

0-41  ' 

12-00 


Here  I.,  II.,  and  III.  are  clays  from  Andenne,  and  IV.  from 
Namur. 

The  following  are  analyses  of  certain  varieties  of  clay  used  in  the 
Tnited  States  of  America : — 


lAxaXily. 


Wood- 
In-idge.i 


Wood- 
bridge.l 


Chelten- 
ham.! 


Chelten-   I  St.  I^ui«,  '  Perth  Am- 
ham.l  Alo.y       [  l>oy,  N.J.'^ 


Silica 

42-85 

42-83 

50-19 

5016 

Alamina 

37-32 

37-01 

30-08 

30-47 

Ferric  oxide    .    . 

1-18 

1-04 

2-79 

2-48 

Lime 

1-48 

1-41 

1-31 

1-51 

Magnesia 

0-41 

0-46 

0-47 

0-29 

Potash 

0-76 

0-85 

0-65 

0-97 

Srula 

— 

— 

— 

— 

Lr«s  on  ignition 

16-36 

16-27 

14-65 

14-62 

Titanic  acid    .    .    -    • 

~ 

" 

^~~ 

50-80         46-90 

31-53         35-90 

1-92  I -10 


0-40  0-28 

0-16 

13-80         14-30 

1-50     I       1-30 


The  St.  Louis  clay  contained  12*70  per  cent,  of  the  silica  as  free 
}uartz,  and  the  Perth  clay  6*40  per  cent. 

'  Bfrg-  und  IluUenm.  Jdhrh,  d.  A  had.  vol.  xxvii.  Vienna,  1879. 

^  Enfj,  and  Min.  Joum,  Nov.  25,  1893 ;  The  Mineral  Indmtry,  1893,  p.  650. 
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Analyses  of  various  kinds  of  old  broken  retorts  are  here  given  :— 


I     I. 

I 

SiO- ,  4113 

Al^O, 33-48 

FcA      '    2-84 

CaO ' I    0-92 

MgO I    0-47 

ZiiO 21-47 

CdO        '      — 

MnO       I    0-37 

O  +  NajO  .    .    .    .  ;      — 
I 


III.      I      IV. 


I 


VI. 


50-20 
0-61 

30-80 
0-48 
0-56 

17*64 
0-005 
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49-75  ' 
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0-38  I 
16-63 

0-13  ' 
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I.  and  II.  are  fragments  of  Belgian  retorts,  the  former  being  the 
blue,  the  latter  the  white  pieces ;  ^  III.  and  IV.  are  mixtures  of 
ground  fragments  from  the  Kunigunden  Works  by  Eattowitz  and 
the  Elara  and  Franz  Works  at  Schwientochlowitz  in  Upper  Silesia  ;  - 
V.  and  VI.  are  the  average  analyses  for  the  years  1885  to  1890  of 
retorts  from  the  Beuthen  and  Rosamunde  Works  in  Upper 
Silesia^;  and  VII.  is  the  analysis  of  a  sample  of  ground  retort 
fragments  from  the  GoduUa  Works  in  Upper  Silesia.* 

By  the  addition  of  quartz  or  sand  the  clay  can  be  made  richer  in 
silica,  and  by  the  addition  of  a  pure  clay-slate,  richer  in  alumina. 
With  ores  rich  in  quartz  a  certain  amount,  up  to  10  per  cent.,  ot 
quartz  may  be  added  to  the  clay,  but  in  the  case  of  basic  ores,  it  i> 
advisable  to  employ  clay  as  low  in  quartz  as  possible,  or  to  add  to 
clay  rich  in  quartz  certain  qualities  of  clay  or  clay-slate  very  rich  in 
alumina.  As  the  charge  is  generally  basic,  it  is  in  most  cases 
preferable  to  employ  in  the  manufacture  of  the  vessels  a  material  ai> 
rich  Jis  possible  in  alumina  and  as  poor  as  possible  in  silica.  In  the 
preparation  of  the  material,  a  portion  of  the  clay  is  cleaned  an<l 
dried ;  another  portion  is  burnt.  The  burnt  and  dried  clay,  as  well 
as  the  other  materials  which  are  to  be  added,  amongst  which  may  be 
clean  fragments  of  old  vessels,  or  coke,  quartz,  or  sand,  are  ground, 
generally  under  edge  rolls,  and  then  moistened  with  water  and 
mixed.  The  mixing  is  generally  performed  in  pug  mills  or  b\ 
shovelling  and  treading.  The  kneaded  clay  is  allowed  to  lie  for  a 
time,  usually  from  4  to  6  weeks.  The  proportions  of  the  various 
materials  vary  according  to  their  quality.  At  the  works  in  Upper 
Silesia  the  mixture  averages  2  volumes  of  raw  rich  clay,  1  of  raw 

1  Steger,  EUen  und  Metall.  1888,  p.  66. 

^  Analyses  by  Jensch.  See  Samnilting  Ghent,  und  Tech.  Vortrdge,  von  Dr.  Felix 
Ahrens,  vol.  iii.  No.  VI.  p.  214.  ^  Jensch,  ibid,  p.  215. 
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sandy  clay,  and  5  of  other  materials.  The  rich  clays  are  those  of 
Briesen,  Saarau,  and  Striegau,  either  singly  or  mixtures  of  two  or  three 
of  these.  The  sandy  clay  is  either  that  of  Striegau,  or  the  Silesian 
kaolin,  or  mixtures  of  both  of  these ;  and  the  other  materials  or 
diluents  are  powdered  fragments  of  old  retorts  and  burnt  Neurode 
shale  mixed  in  diflFerent  proportions.  The  size  of  the  grain  of  the  clay 
is  from  -V  to  /^  inch.  The  retort  fragments  and  Neurode  shale  are 
ground  under  edge  rolls  and  are  in  the  form  of  dust,  mixed  with 
fragments  up  to  f  inch  in  diameter.  The  larger  pieces  increase  the 
strength  of  the  muffle  and  make  it  more  able  to  stand  change  of 
temperatures  and  chemical  erosion. 

Great  variety  obtains  in  the  proportions  of  the  materials  used  at 
different  works  in  Belgium,  Westphalia,  and  the  Rhine  Provinces.  In 
some  works  the  mixture  contains  40  parts  (by  measure)  of  unbumt, 
dark,  rich  Belgian  clay,  50  parts  of  burnt,  light,  sandy  Belgian  clay, 
and  10  parts  of  coke.  In  other  works  the  proportions  of  these  three 
constituents  are  36,  64,  and  10  respectively  ;  and  elsewhere  the  pro- 
portions are  30  of  rich,  10  of  sandy  Belgian  clay,  50  of  retort 
fragments,  and  10  of  coke.  This  last  mixture  is  less  fireproof  than 
the  preceding  ones.  Another  composition  used  at  Belgian  works  is 
10  of  raw  Tahier  clay,  10  of  the  same  clay  burnt,  8  of  retort  fragments, 
1  of  quartz,  and  05  of  coke. 

Coke  improves  the  fireproof  qualities  of  clay  and  lessens  shrink- 
age. In  Belgium  and  in  Westphalia  near  the  Rhine  the  retorts  are 
"ften  glazed  with  aluminate  and  silicate  of  sodium  in  order  to  render 
their  sides  impervious  to  zinc  vapour.  In  many  works  in  Belgium, 
as  al.so  in  Spain  (Asturias  Company,  Province  of  Santander), 
coasiderable  quantities  of  quartz  or  sand  are  added  to  clay  rich  in 
4uartz,  so  that  the  vessels  consist  chiefly  of  silica.  The  latter  is 
«"**rtainly  less  resistant  towards  fluxes  than  alumina ;  on  the  other 
hand,  it  stands  fire  well,  is  a  good  conductor  of  heat,  and  allows  of 
thinner  vessels  being  produced  than  does  clay. 

The  receivers  or  adapters,  which  are  used  at  present,  receive  the 
shape  of  cylindrical,  conical,  or  bellied  tubes,  or  of  prismatic  boxes 
arched  on  their  upper  sides,  which  are  made  of  less  fireproof 
material  than  the  vessels  used  for  distillation.  In  many  places  they 
are  composed  of  equal  parts  of  raw  and  burnt  clay,  or  of  ordinary 
clay,  mixed  with  ground  retort  fragments  and  coke  or  coal  ash. 

To  these  adapters  there  are  attached  nozzles  which  may  take  the 
shape  of  cones  or  cylinders  made  of  sheet  iron,  prismatic  boxes  made 
of  clay,  or  prismatic  boxes  made  of  clay  provided  with  a  grating. 
These  prismatic  boxes  are  connected  cither  with  systems  of  tubes  or 
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flues,  through  which  the  gases  may  be  conducted  into  stacks,  or  with 
some  other  apparatus  to  collect  the  metallic  particles  that  are  still 
contained  in  them. 

The  shape  of  the  furnace  depends  upon  the  shape  and  size  of  the 
vessels  used  for  distillation.  Those  furnaces  which  contain  vessels  of 
circular  or  elliptical  cross-section  lying  more  or  less  horizontally  are 
called  Belgian  Furnaces ;  those  in  which  the  tubes  stand  vertically 
are  known  as  Carinthian  Furnaces ;  those  in  which  crucibles  are  used 
are  known  as  English  Furnaces ;  and  those  in  which  a  single  row  of 
prismatic  muffles  arched  on  the  upper  side  is  employed  are  known 
as  Silesian  Furnaces.  Furnaces  containing  many  rows  of  small 
muffles  are  called  Rhenish- Westphalian,  or  Belgo-Silesian  Furnaces. 
The  use  of  Carinthian  and  English  furnaces  has  been  completely 
discontinued,  and  they  therefore  now  possess  only  an  historical  value. 
They  will  therefore  only  be  considered  here  in  general  terms.  The 
Belgian  and  Silesian  furnaces,  on  the  other  hand,  and  the  Belgo- 
Silesian  furnaces,  require  detailed  description. 

The  tubes  or  retorts  of  the  Belgian  furnaces  are  either  circular 
in  cross-section,  with  a  diameter  in  the  clear  of  6  to  10  inches,  and 
with  a  length  of  3  feet  3  inches  to  4  feet  9  inches,  or,  when  the 
cross-section  is  elliptical,  the  long  axis  is  8§  inches  in  the  clear,  and 
the  short  axis  6^  inches  to  7  inches;  the  walls  are  1^  inches  thick. 
The  length  is  limited  by  the  fact  that  the  retorts  are  only  supported 
at  their  extremities,  and  must  therefore  carry  their  own  weight 
together  with  that  of  the  charge  without  bending  or  breaking.  They 
lie  with  one  end  on  projections  or  ridges  along  the  rear  wall  of  the 
furnace,  and  with  the  other  end  supported  upon  ledges  of  clay  in  the 
front  wall  of  the  furnace  and  inclined  towards  the  latter,  as  is  shown 
in  Figs.  74  and  75.  This  arrangement  facilitates  the  removal  from 
them  of  liquid  matter  and  of  residues. 

Figs.  74  and  75  represent  a  Belgian  furnace  with  flat  grate :  c 
are  the  retorts ;  /  are  the  adapters ;  [/  the  nozzles  attached  to  the 
latter  ;  d  are  the  projections  of  the  rear  wall ;  e  the  clay  slabs  of  the 
front  wall  upon  which  the  retorts  rest ;  Ic  are  plates  of  cast-iron  which 
form  the  continuation  of  these  clay  slabs ;  i  are  bricks  which  support 
the  adapters.  The  flames  generated  upon  the  grate  a  travel  round 
the  retorts,  ascending  in  the  shaft  of  the  furnace,  and  escape  at  /  out 
of  the  furnace  proper  and  pass  into  the  stack.  The  retorts  are 
disposed  in  from  5  to  8  rows  above  each  other,  so  that  the  greator 
portion  thereof  shall  be  surrounded  by  the  flames.  The  furnaces. art- 
either  single  furnaces  wdth  only  one  shaft,  or  so-called  double  furnaces 
with  two  shafts   separated  by  a  vertical  wall.     The  muffles  of  the 
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Silesian  and   Belgo-Silesian  furnaces  have  the  shape  of  prismatic 
boxes  arched  above,  as  is  shown 
in  the  cross-section  through  the 
front  end  of  a  muffle  in  Fig.  76. 
The    back   side   is   permanently 
closed,  whilst   the   front  side  is 
only  closed   during   the  process, 
the  lower  half  by  a  clay  tile,  the 
upper   half  by    the   end  of  the 
adapter,  or  else  by  a  tile  which 
has  an   opening   to  receive  the 
adapter.    The  adapter  rests  upon 
a  step,  which  again  is  supported 
by  projections  in  the  muffle.     A 
muffle  with  cylindrical  adapter  is 
shown  in  Fig.  77.     More  recently 
adapters  of  prismatic  form  have 
been  used  in  Upper  Silesia.     The 
muffles  do  not  exceed  26  inches 
in   height — usually  24  inches — 
their  width  being  from  5  J  to  6f 
inches ;  their  length  varies  from 
3  feet  3  inches  to  7  feet.     If  the 
muffle  is  only  supported  at  front 
and  back,  its   length    must  not 
exceed  4  feet.    A  big 
Silesian    muffle   will 
take  on  the  average 
a  charge  of  2   cwt«. 
(»f  calcined  ore.     The 
arrangement     of     a 
Silesian  furnace  fired 
by  means  of  a  grate 
and  with  descending 
flame,  being  the  older 
type  of  the  so-called 
Belgo-Silesian      fur- 
nace,   is     shown    in 
Figs.  78  to  82.    Fig. 
78  shows  the  longi- 
tudinal section  on  the  horizontal  line  CD\  Fig.  79  a  sectional  plan 
on  the  line  AB\  Fig.  80  a  transverse  section  on  the  line  EF.     In 
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these  figures  c  are  the  muffles,  of  which  16  are  disposed  on  either 
side  of  the  grate ;  2  furnaces,  with  32  muffles  in  each,  are  combined 
together  to  form  a  block.  The  flame  rising  from  the  grate  R 
surrounds  the  muffles  e,  and  passes  through  apertures  in  the  floor 
of  the  furnace  into  the  flues  k,  which  convey  the  products  of  com- 
bustion to  the  stack ;  2  is  a  chamber  for  calcining  calamine  or  for 
re-melting  zinc;  v  are  flues  through  which  the  residues  from  the 
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distillation,  which  remain  in  the  muffles,  are  dropped  into  vaults  T . 
these  vaults  open  into  a  main  vault  w^  which  runs  parallel  to  the 
longitudinal  axis  of  the  furnace ;  u  are  the  adapters  of  the  muflSes, 
q  the  nozzles  attached  to  these.  The  zinc  collects  in  the  swell  of 
these  adapters,  and  is  raked  out  from  them  from  time  to  time  into 
an  iron  ladle  held  in  front  of  the  adapters,  the  nozzles  being  removed 
for  this  purpose.  The  adapters  are  placed  in  pairs  in  recesses  into 
which  the  front  ends  of  the  respective  muffles  project  for  a  length  of 


ZINC 


123 


about  2  inches.  These  recesses,  of  which  there  are  8  on  each  longer 
side  of  the  grate,  are  separated  by  partition  walls  A,  The  front  of  a  pair 
of  SQcb  muffles  is  shown  on  a  somewhat  larger  scale  in  Fig.  81,  in 
which  t  are  the  steps  upon  which  the  back-end  of  the  adapter  is 
supported.  The  front-end  rests  upon  an  iron  frame,  which  is  also 
represented  in  Fig.  82  upon  a  somewhat  larger  scale.     The  latter 


Fig.  80. 


cl«>ses  the  recesses  in  front,  and  is  completely  closed  below  by  means 
of  a  door  y. 

At  some  works  several  rows  (up  to  3)  of  muffles  are  placed  one 
alxjve  the  other.  Such  a  furnace  fired  by  gas  and  containing  3  rows 
of  muffles,  holding  altogether  50  to  55  muffles,  which  is  in  use  in  the 
Rhine  Provinces,  is  shown  in  Fig.  83  :  m  are  the  muffles ;  the  two 
upper  rows  rest  upon  benches  formed   of  strongly  fireproof  clay ; 
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V  are  the  adapters  for  the  collection  of  the  zinc.  The  producer  gas, 
generated  in  a  producer  not  shown  in  the  drawing,  passes  through 
the  flue  a  into  the  vertical  flue  b,  and  is  there  mixed  with  the  air 
for  combustion,  which  enters  the  flue  c  through  the  flues  Z,and  passes 
thence  through  d  into  6.     The  flame  rises  up  to  the  arch  of  the 
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heating  chamber,  then  returns  and  descends  through  the  openings 
c  into  the  flue  /,  whence  it  passes  through  flues  g,  h  and  i  into  the 
stack.  On  its  passage  through  the  flue  h  it  surrounds  the  air  flues 
/,  by  means  of  which  the  air  used  for  combustion  is  heated. 

In  England  ^  the  vessels  for  distillation  used  formerly  to  be  large 
crucibles  composed  of  a  mixture  of  7  parts  of  best  Stourbridge  chiy. 

^  Percy,  Afetallvrgy,  p.  555. 
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5  parts  of  a  second-quality  clay,  3  parts  fragments  of  glass  pots,  and 

6  parts  of  fragments  of  old  zinc  crucibles.  These  crucibles  were 
notable  for  their  exceptional  durability.  Each  of  them  could  contain 
•368  pounds  of  calcined  zinc  blende.  The  crucibles  were  heated  in  a 
furnace  arranged  like  a  glass-melting  furnace.  The  zinc  vapours, 
t'volved  during  the  process  of  distillation,  escaped  through  an  open- 
ing in  the  bottom  of  the  crucible  into  a  vertical  descending  pipe.  In 
the  latter  they  condensed 
and  trickled  into  a  vessel  of 
sheet-iron  placed  at  the 
bijttom.  The  distillation 
was  accordingly  a  distilla- 
tion per  desceiisiim.  The 
construction  of  such  a 
cnicible  with  its  tube  at- 
tached is  shown  in  Fig.  84. 
The  cnicible  was  charged 
through  the  opening  on  top, 
the  removable  cover  being 
taken  away  for  this  pur- 
pose. These  openings  were 
accessible  through  openings 
in  the  vault  of  the  furnace, 
also  provided  with  covers. 
The  tube  for  conducting 
away  the  zinc  vapours  was 
composed  of  sheet-iron,  and 
was  made  in  two  parts,  h 
and  f.  The  upper  portion 
/'  was  held  in  an  iron  ring 
which  rested  upon  a  cross 
piece  d,  welded  to  the  per-  p»«-  «^- 

I)endicular      iron     rods     /, 

which  pass  through  eyes  secured  to  the  furnace.  The  iron  rods 
could  be  raised  or  lowered  in  these  eyes  and  clamped  in  any 
desired  position.  By  pushing  the  rods  up,  the  upper  portion  of 
the  tube,  which  was  provided  with  a  flange,  could  be  brought  into 
close  contact  with  the  bottom  of  the  crucible.  The  lower  tube  was 
pushed  into  the  upper  one  and  fastened  by  being  turned  round  in  it. 
Below  the  bottom  tube  there  was  an  iron  vessel  to  collect  the  zinc. 
The  construction  of  the  English  furnace  is  shown  in  Fig.  85,  in  which 
€  are  the  crucibles,  6  in  number,  which  were  placed  on  either  side  of 
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the  grate  a.  The  flames,  after  heating  the  crucibles,  passed  through 
openings  g  in  the  vault  of  the  furnace  into  the  flue ;  b  is  the  fire- 
door.  The  crucibles  were  inserted  in  the  furnace  through  arched 
openings  w,  which  were  ckxsed  during  the  operation  by  means  of 
movable  walls  built  of  brick  lumps.  In  the  latter  there  were  small 
openings  c,  which  could  be  more  or  less  closed  as  required  bj  means 
of  bricks,  the  fire-door  being  kept  closed  by  means  of  a  shovelful  of 
coals.     The  openings  c  served  to  clay  up  any  cracks  in  the  crucible 

that  might  form  in 
the  side  exposed  to 
the  fire.  The  crucibles 
were  charged  through 
the  openings  A,  which 
were  kept  closed  dur- 
ing the  operation  by 
means  of  a  tile  i.  The 
gases  escaped  through 
the  aperture  g  into 
the  flue,  a  tile  /  being 
used  for  regulating 
the  draft:  /  is  the 
tube  through  which 
the  zinc  vapours  were 
conducted  down ;  p 
the  sheet-iron  vessel 
in  which  the  con- 
densed zinc  was  col- 
lected. The  residues 
after  distillation  were 
removed  through  the 
opening  in  the  bottom 
of  the  crucible.  These 
English  furnaces  have  been  entirely  disused,  and  have  been  replaced 
by  Belgian  or  Silesian  furnaces  on  account  of  their  high  consumption 
of  fuel,  1  ton  of  zinc  requiring  from  22  to  27  tons  of  coals. 

Vertical  retorts  have  not  so  far  come  into  definite  use.  They 
labour  under  the  disadvantage  that  the  charge  gets  packed  so  tightly 
as  to  hinder  the  passage  of  the  zinc  vapour  through  it. 

At  Delach,  near  Greifenburg,  in  Carinthia,  small  vertical  tubes 
were  used  at  the  commencement  of  last  century  in  the  process  of 
distillation.^     These   tubes  were  closed   at  their  upper  wider   end, 
»  HoUunder,  Tagehuch  einer  Mtl.  Reise,  Numberg,  1824,  p.  273 ;  Percy,  p.  585. 
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and  opened  at  their  bottom  end  iato  a  tubular  receiver  through 
which  the  zinc  vapours  passed  into  a  chamber  common  to  all  the 
tubes  in  which  the  vapours  were  condensed.  The  floor  of  this  common 
receiver  was  formed  by  an  iron  plate  upon  which  the  zinc  trickled 
down.  Eighty-four  such  tubes  were  placed  in  a  reverberatory 
fiimace.  The  tubes  were  3  feet  3  inches  long,  4J  inches  in  diameter 
at  the  top,  and  3^  inches  at  the  bottom.  Only  from  5  to  7  lb  of  ore 
were  charged  into  each,  the  upper  empty  portion  of  the  tube,  4 
inches  long,  being  filled  with  small  pieces  of  charcoal.  This  method 
of  distillation  has  long  been  abandoned  on  account  of  the  high  costs 
connected  with  it.  Recently  vertical  tubes  of  larger  diameter  for 
the  treatment   of  lead-bearing   zinc  ores   have  been   proposed   by 


Chenhall,'  by  Binon  and  Grandfils,^  by  Keil,^  P.  Choate,*  and  by 
Grutzner  and  Kohler.*  The  furnace  of  Binon  and  Grandtils,  which 
possesses  such  tubes  arranged  for  continuous  working,  with  adapters 
to  collect  the  zinc  at  their  upper  ends,  and  with  an  opening  at  the 
lower  end  for  the  removal  of  the  residues  of  distillation  and  for  the 
collection  or  tapping  off  of  the  lead,  is  shown  in  Fig.  86.  D  is  the 
tube,  8  feet  10  inches  long  and  15f  inches  in  diameter.  It  stands  in 
a  cast-iron  tube  S  filled  with  clay,  which  is  attached  to  the  upper 
portion  of  a  boot-shaped  projection  F.  The  upper  opening  of  the 
tube,  through  which  it  is  charged,  is  closed  by  means  of  a  cover  h, 
K  is  a,  conical  adapter  for  the  collection  of  the  zinc  vapours.     Each 

*  O&Herr.  ZeiUchr,  1880,  p.  462. 

2  Ibid.  1881,  p.  325 ;  DingL  Polyt,  Joum.  vol.  236,  p.  222. 
»  Berg-  und  HuUenm.  Zlg.  1888,  p.  116. 

*  Eng.  Pat.  530,  1893 ;  Amer.  Pat.  489460. 
»  D.  R..P.  No.  58026,  September  26,  1889. 
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furnace  contains  12  to  16  of  such  tubes,  which  stand  upon  the  cast- 
iron  boxes  F,  which  in  their  turn  are  supported  by  the  brick  pillars 
ft  The  tubes  are  heated  by  gas,  which  is  burnt  in  the  flues  H  by 
the  aid  of  air  previously  heated. 

The  furnace  of  Griitzner  and  Koehler  is  arranged  similarly  to  that 
of  Binon  and  Grandfils.  The  zinc  vapour  is  led  off  through  a  hole 
in  the  cover  of  the  retort  (not  in  the  side),  and  another  hole  in  the 
cover  serves  for  charging.  Several  such  retorts  are  arranged  radially 
to  the  axis  of  the  furnace,  and  the  hot  gjises  pass  up  the  central  part 
of  the  furnace,  whence  they  envelop  the  separate  retorts. 

Choate  condenses  the  zinc  vapour  in  the  cylinder  B  inside  the 
retort  A  (Fig.  87).     The  vapours  pass  through  the  holes  0,  and  the 


^r- 


Fia.  88. 


Fio.  89. 


liquid  zinc  runs  away  at  the  lower  conical  end  of  the  condenser,  into 
the  vessel  C,  Retorts  fired  only  from  outside  would  probably  not 
allow  the  charge  to  get  sufficiently  heated.  Nothing  is  known  tt> 
the  author  as  to  their  application  on  a  large  scale,  and  the  practical 
results  obtained  in  these  tubes. 

The   furnace   proposed   recently  by  Carl  Francisci^  possesses  a 

vertical  annular  retort  which  is  heated  inside  and  out  by  producer 

gas.     It  is  charged  from  the  top,  and  the  residues  are  drawn  at  the 

lower  end  from  a  series  of  discharging  openings.     The   receiver  is 

^  German  Patent,  107247. 
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fixed  at  the  top  end  of  the  retort.  The  arrangement  of  this  furnace 
is  shown  in  Figs.  88  to  95.*  The  ring-shaped  retort  is  shown  at  d, 
the  producer  at  a,  and  the  air-flues  heated  by  waste  gas  at^.  The 
burning  gases    rise   through  the  internal  shaft  c,  and  are   drawn 


Fio.  90. 


Pio.  91. 


Fio.  92. 


Fig.  93. 


Fio.  94 


Fio.  95. 


down  the  channel  e  around  the  outside  of  the  retort ;  thence  they 
pass  into  the  flue  /  into  the  flue  g  leading  to  the  stack.  The 
material  is  charged  through  the  openings  A,  which  are  closed  by 
the  lid  i  during  the  distillation.  The  zinc  vapour  passes  into  the 
*  Sieger,  Prevss,  Zeilschr,  fur  Bertj-,  HuUen-,  und  Salinentoesen,  1900, 
pp.  404,  405.  ^^:^=^- 
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receivers  k  at  the  top  of  the  retort,  and  these  are  connected  with  the 
chambers  I,  The  discharge  is  through  the  shoots  m,  which  are 
closed  during  distillation  by  the  covei-s  n.  Fig.  95  represents  a  block 
of  four  of  these  furnaces.  Magnesia  bricks  may  be  used  with  this 
type  of  furnace.  The  retorts  should  be  anchored  in  the  case  of 
furnaces  built  of  separate  bricks. 

General  Considerations  Respecting  the  Process  of 
Reduction 

As   will   be   seen   from    the   above   statements,   the   process  of 
reduction  is  carried  on  in  comparatively  small  vessels  more  or  less 
readily  destroyed,  which  do  not  admit  of  continuous  action,  and  are 
expensive  to  produce,  whilst  the  cost  of  fuel  and  wages  is  high.    If 
to  this  is  added  that  the  extraction  of  zinc  is  an  imperfect  one, 
ranging  from  70  to  90  per  cent,  of  the  zinc  contents   of  the  ore, 
because  the  losses  of  zinc  amount,  under  the  most  favourable  circum- 
stances with  rich  ores,  to  10  per  cent,  of  the  contents  of  the  ore,  and 
in  the  case  of  poorer  ores  to  30  per  cent.,  being  due  to  zinc  remaining 
behind  in  the  residues,  to  zinc  vapours  that  remain  in  the  vessels  at 
the  end  of  the  distillation,  and  the  burning  of  the  latter  when  the 
residues  are  removed,  to  imperfect  condensation  of  zinc  vapours,  t<) 
the  escape  of  zinc  vapours  from  the  vessels,  and  to  the  retention  of 
zinc  as  an  aluminate  in  the  walls  of  the  vessels,  the  present  process  of 
zinc  extraction  must  be  considered  as  a  highly  imperfect  one,  when 
compared  with  the  processes  for  the  extraction  of  metals  which  are 
not  volatile  when  reduced  in  the  dry  way.     In  consequence  of  the 
above-named  difficulties,  poor  zinc  ores  cannot  be  utilised  at  all  for 
the  extraction  of  zinc.     It  is  therefore  intelligible  that  metallurgists 
have  long  been  striving  to  replace  the  present  discontinuous  procei>s 
by  a  continuous  process  in  shaft  furnaces.     The  whole  of  the  attempt^ 
in  this  direction  have,  however,  as  far  as  regards  the  extraction  of 
metallic  zinc,  given  unfavourable  results.     Having  regard  to    the 
difficulty  of  the  condensation  of  zinc  in  vapours  which  are  diluted  to 
a  high  degree  by  the  products  of  combustion  and  by  the  nitrogen  of 
atmospheric  air,  such  as  is  the  case  with  zinc  vapours  obtained  from 
shaft   furnaces,  it  is  not  probable  that  the  problem  of  the  direct 
extraction  of  zinc  in  such  furnaces  will  be  satisfactorily  solved.     It  is. 
however,  highly  probable  that  ores  poor  in  zinc  may  be  worked  in 
shafl  or  reverberatory  furnaces  and  yield  intermediate  products  rich 
in    zinc,  as   for  instance,  mixtures  of  pulverulent  zinc    with    siualt 
quantities  of  oxide,  or  zinc  oxide,  which  would  form  a  suitable  material 
for  zinc  distillation  in  appropriate  vessels. 


ZINC  131 

Having  regard  to  the  small  probability  of  success  in  the  direct 
zinc  extraction  in  shaft  or  reverberatory  furnaces,  efforts  during  the 
last  20  years  have  been  directed  to  the  improvement  of  the  process  of 
zinc  extraction  in  its  actual  form,  with  favourable  results.  These 
improvements  consist  chiefly  in  the  introduction  of  gas-firing,  the 
utilisation  of  natural  gas,  as  at  Kansas,  Indiana,  in  increasing  the 
size  of  the  furnaces,  in  improving  the  fireproof  qualities  of  the 
material  employed  for  the  vessels,  and  in  the  production  of  these 
with  dense  walls  by  the  employment  of  hydraulic  pressure,  the 
improvement  of  the  apparatus  used  for  the  condensation  of  zinc 
vapours,  and  for  the  removal  of  condensed  zinc  from  the  adapters,  for 
the  collection  of  the  zinc  which  has  not  been  condensed  in  these,  and 
for  keeping  the  interior  of  the  zinc  works  free  from  fumes.  We  have 
therefore  to  consider  as  the  only  method  of  zinc  extraction  used  up  to 
the  present  in  the  dry  way,  the  distillation  of  zinc  in  vessels  and  its 
chief  variations : — 

(1)  Distillation  in  horizontal  retorts,  or  the  Belgian  method. 

(2;  Distillation  in  muffles,  or  the  Silesian  method. 

(3)  Distillation  in  Belgo-Silesian  furnaces. 

The  other  above-named  methods,  viz.,  the  English  and  the 
Carinthian,  are  no  longer  in  existence,  and  need  therefore  no  further 
consideration. 

Comparison  of  the  Process  of  Distillation  in  Retorts 
AND  Muffles 

The  differences  between  distillation  in  retorts  and  in  muffles  have 

been  pretty  well  equalised  since  the  introduction  of  gas-firing.    There 

are  districts  in  which  distillation  is  carried  on  in  retorts  to  as  much 

advantage  as  it  is  in  muffles,  as  for  instance  the  Rhine  Provinces, 

Westphalia,  and  Belgium.    As  long  as  ordinary  grates  only  were  used 

for  zinc  distillation,  the  choice  between  retorts  and  muffles  depended 

generally  upon  the  flame-giving  quality  of  the  coals.     Distillation  in 

retorts   required  coals  giving  a  long  flame,  whereas   distillation  in 

muffles  could  be  performed  also  with  coals  that  gave  but  a  short  flame. 

Only  in  recent  times  has  it  been  rendered  possible  by   means   of 

special  construction  of  grates  to  use  fuel  giving  a  short  flame  also 

for  the  heating  of  retorts.     For  example,  in  the  United  States  by 

burning  anthracite  coal  upon  what  are  known  as  Wetherill  grates, 

consisting  of  cast-iron  plates  with  conical  holes,  by  means  of  heated 

air,  a  long  flame  suitable  for  the  heating  of  retorts  has  been  obtained. 

Hence  it  happens  that  in  districts  which  yielded  coals  giving  short 
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flames,  as  in  Upper  Silesia,  muffles  were  first  employed,  whereas  in 
districts  in  which  fat  or  long-flaming  coals  were  available,  as  in  the 
Rhine  Provinces,  Westphalia,  and  Belgium,  both  retorts  and  muffles 
came  into  use.  By  the  introduction  of  gas- firing  in  its  various 
modifications,  and  of  the  above-mentioned  Wetherill  grates,  the 
choice  of  the  vessels  employed  has  been  rendered  independent  of  the 
flaming  properties  of  the  fuel. 

Belgian  and  Belgo-Silesian  furnaces  are  generally  used  at 
present,  the  former  being  preferred  in  the  case  of  ores  (like  siliceous 
calamine)  hard  to  reduce,  while  the  latter  are  best  suited  to  all  other 
kinds  of  ores.  These  two  classes  of  furnaces  are  used  in  Belgium  ;  in 
the  Rhine  Provinces  and  Westphalia  the  Belgo-Silesian  furnace  is 
employed.  Silesian  furnaces  are  used  in  Silesia  for  the  treatment  of 
coarse-grained  material  containing  both  calamine  and  blende.  At 
many  works,  owing  to  the  shortage  of  calamine  and  the  need  of 
increasing  the  quantity  of  blende  in  the  charge,  it  is  now  necessary 
to  have  resort  to  the  Belgo-Silesian  furnaces.  These  are  better 
adapted  for  smelting  compact,  fine-grained  charges  of  blende  than  the 
high  and  capacious  Upper  Silesian  muffles.  With  the  exhaustion 
of  the  calamine  supplies,  and  the  necessity  for  treating  blende  alone, 
use  will  have  to  be  made  of  the  smaller  and  shorter  thin-walled 
muffles  and  furnaces  of  the  Belgo-Silesian  type.  Belgian  furnaces, 
and,  only  exceptionally,  Silesian  furnaces,  are  used  in  England.  In 
Spain  and  the  United  States,  Belgian  furnaces  are  used.  In 
general,  Belgian  furnaces  are  used  for  ores  difficult  to  reduce,  and  both 
Belgian  and  Belgo-Silesian  furnaces  for  ores  of  high  and  middling 
zinc-content.  Silesian  furnaces  are  only  exceptionally  employed  in 
the  case  of  coarse  ores  with  low  zinc-content  containing  calamine. 

The  question  how  poor  an  ore  may  be  and  still  be  treated  profit- 
ably depends,  apart  from  the  price  of  zinc,  upon  the  rate  of  wages, 
the  cost  of  fuel,  and  the  cost  of  fire-resisting  materials.  The  item  of 
coal  is  the  highest,  next  comes  that  of  wages,  and  lastly  that  of  fire- 
resisting  materials.  For  example,  the  costs  of  distillation  per  ton  of 
calcined  ore  in  Belgo-Silesian  furnaces,  under  conditions  obtaining 
in  the  Middle  Rhine  Provinces,  are  distributed  as  follows,  according 
to  Lynen  ^ : — 

Coals 155. 

Wages 12s. 

Fire-resisting  materials Qs, 

Maintenance  and  general  expenses 7s- 

*  2%nc  dvdUlation  furnace,  tcith  common  cojidenwtg  chamber,  London,  1893. 
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In  Rhenish  Westphalia  ores  (blendes)  are  treated  containing  at 
least  40  per  cent,  of  zinc ;  under  particular  conditions  calamine  with 
20  to  30  per  cent,  of  zinc  can  be  worked  along  with  the  blende. 
In  Upper  Silesia  grades  of  calamine  with  only  8  to  9  per  cent,  of 
zinc  can  be  treated  along  with  blende  containing  at  least  30  per 
cent,  of  zinc. 

As  the  outlay  for  coals  forms  the  chief  item  in  the  cost  of  zinc 
extraction,  zinc  works  should  as  a  rule  be  erected  in  the  neighbour- 
hood of  coal-mines,  and  the  ores  should  be  carried  to  the  coals,  not 
the  coals  to  the  ores.  For  1  part  by  weight  of  zinc  4  to  10  parts  by 
weight  of  coal  are  consumed. 

I.    The  Belgian  Method  of  Zinc  Distillation 

As  already  stated,  this  method  of  distillation  is  performed  in 
retorts  lying  at  a  flat  angle  of  inclination  and  heated  in  externally- 
fired  shaft  furnaces.  The  zinc  vapours  thus  formed  are  condensed  in 
conical  adapters  provided  with  nozzles. 

The  tubes  or  retorts  are  made  of  the  following  shapes  and  dimen- 
siona  Those  of  circular  section  are  6  to  10  inches  in  diameter  and 
39  to  50  inches  long  in  the  clear,  and  the  sides  are  ^  to  If  inches 
thick.  The  capacity  of  the  tubes  at  Vieille  Montague  is  If  to  2  J  cubic 
feet.  Those  of  elliptical  section  are  8  to  9  inches  along  the  major  axis 
and  6  to  7  inches  along  the  minor ;  their  length  in  the  clear  is  4  feet 
9  inches,  and  the  thickness  of  the  sides  is  ^  to  If  inches.  Quite 
recently  the  walls  have  been  made  only  f  inch  thick,  the  material 
consisting  chiefly  of  silica  similar  to  Dinas  brick.  At  La  Salle, 
Illinois,  U.S.A.,  retorts  have  been  used  rectangular  in  cross  section 
and  of  large  dimensions,  which  have  to  resist  the  first  attack  of  the 
flames,  the  firing  being  by  gas ;  their  outside  dimensions  are  5  feet 
long,  20  inches  high,  and  9  inches  wide. 

The  material  of  which  the  retort  is  made  has  already  been 
referred  to.  Recently  material  containing  94  per  cent,  of  silica  and 
but  little  alumina  has  been  used,  especially  in  Belgium  and  Spain,  in 
the  case  of  ores  cont^ning  much  quartz.  Such  siliceous  tubes  cost  less 
and  can  be  made  thinner-walled  (J  inch)  than  those  made  fi-om  clay, 
and  they  have  the  further  advantages  that  the  heat  passes  rapidly 
through  the  walls,  and  the  material  of  the  tubes  is  but  little  cor- 
roded by  siliceous  ores.  The  mixtures  employed  at  the  different 
works  vary  greatly  and  depend  upon  the  contents  in  quartz  and 
alumina  of  the  various  materials  that  are  obtainable,  as  also  upon 
the  nature  of  the  gangue  of  the  ores.     In  many  works  finely  ground 


134  METALLURGY 

coke  is  added  to  the  materials  employed  in  order  to  make  the  retorts 
firm,  smooth,  and  impenetrable  to  zinc  vapours.  Retorts  made  firom 
material  rich  in  quartz  are  glazed  for  the  same  purpose  with  a  glaze 
consisting  of  60  parts  of  loam,  30  parts  of  glass,  and  10  parts  of  soda. 
The  other  class  of  retorts  is  often  glazed  externally  with  aluminate 
and  silicate  of  soda.  If  the  mixture  contains  too  great  a  quantity 
of  raw  clay,  it  becomes  less  fire-resisting ;  if  it  contains  too  much 
burnt  clay,  it  is  difficult  to  mould,  and  the  tubes  become  porous 
and  brittle.  For  example,  the  mixture  used  for  retorts  at  the 
Engis  Works,  in  Belgium,  for  a  long  time  consisted  of  30  parts  of 
raw  clay,  27  parts  of  burnt  clay,  16  parts  of  old  retorts,  18  part^ 
of  coke,  and  10  parts  of  sand.  Another  mixture  used  in  Belgium 
for  retorts  made  by  machinery  ^  is  as  follows : — 

Pa  its  by  Vi'lame. 

Coke 100 

Sand 300 

Old  Retorts 260 

Raw  Clay 350 

In  England,  at  Morriston,  the  mixture  for  the  lower,  air-cooled 
retorts,  consists  of  1  volume  of  raw  Belgian  clay  from  Andenne; 
2  parts  of  burnt  Belgian  clay,  1  part  of  raw  and  1  part  of  burnt 
Stourbridge  clay,  all  by  volume,  or  else  1  part  by  volume  each  of  raw 
and  burnt  Belgian  clay,  raw  English  clay,  fragments  of  old  retorts,  and 
Belgian  sand.  For  oi-dinary  retorts,  the  mixture  is  1  part  by  volume 
of  Belgian  clay,  1  part  of  English  clay,  3  parts  of  old  retorts  or  1  part 
of  Belgian  clay,  1  of  English  clay,  1  of  burnt  Belgian  clay,  1  part  of 
old  retoi-ts,  and  1  part  of  old  fire-bricks.  In  the  United  States  of 
North  America  equal  parts  of  fresh  and  burnt  clay  are  used.  The 
latter  may  consist  either  of  clay  freshly  burnt  or  of  the  fragments  of 
old  retorts.  A  mixture  of  quartzose  material  which  has  been  quite 
recently  employed  has  the  following  composition:  one-thinl  clay 
from  Andenne  with  60  to  70  per  cent,  of  silica,  one-third  sharp-edgi^l 
sand,  and  one-third  burnt  clay.  The  mixture  contains  94  per  cent 
of  silica. 

The  above  materials  arc  first  crushed,  then  kneaded  together 
to  a  uniform  nuiss,  with  the  addition  of  7  to  8  per  cent,  of  wat<T. 
Crushing  is  perfoniicd  by  means  of  edge  runners,  Carrs  disintegrator? 
or  Vapart's  disintegrators.  The  latter  apparatus,  generally  used  in 
Belgium,  will  grind  from  3  to  3 J  tons  per  hour.  If  the  grain  is  t^X' 
coarse,  the  retorts  will  be  porous  :  if,  on  the  other  hand,  it  is  too  fine. 

*  Knab,  Mttathiryiej  p.  431. 
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the  retorts  readily  soften  in  the  fire.  The  clay  is  ground  to  a  fine 
flour,  whilst  burnt  clay  and  fragments  of  retorts  are  passed  through  a 
sieve  of  0*2  inch  mesh,  but  the  average  grain  of  the  whole  does  not, 
as  a  rule,  exceed  0'12  inch.  The  materials  are  kneaded  together  in  an 
ordinary  pug  mill,  and  only  exceptionally  by  hand.  After  kneading, 
the  mass  is  usually  allowed  to  lie  from  6  to  8  weeks  in  cellars 
to  make  it  more  plastic  ;  it  is  then  cut  up  into  lumps.  The 
manufacture  of  retorts  may  be  performed  by  hand  or  by  machine, 
machines  being  mostly  employed,  hand  work  having  been  given 
np  at  present  at  most  works.  Retorts  when  made  by  hand  are  mostly 
made  by  means  of  sheet-iron  moulds,  which  consist  of  several  sec- 
tions ;  each  section  consists  of  halves,  each  of  which  has  the  shape 
of  a  hollow  semi-cylinder.  The  two  faces  are  then  placed  together, 
when  they  form  a  cylinder,  and  are  kept  together  by  means  of  rings 
and  wedges.  Into  the  bottom  part  of  the  mould  a  disc  of  clay  is 
placed,  which  is  then  hollowed  by  means  of  a  stamper  to  form  the 
bottom  of  the  retort,  so  that  the  edges  of  the  disc  rise  up  to  form  the 
commencement  of  the  walls  of  the  cylinder.  The  portion  of  the  disc 
that  has  been  forced  up  is  now  beaten  against  the  wall  of  the  mould 
by  means  of  a  beater,  and  then  scraped  and  smoothed  out  by  the  help 
of  a  sweep.  The  upper  edge  of  that  portion  of  the  retort  that  is  thus 
produced  is  then  scored  with  a  comb-shaped  board,  when  it  can  be 
lengthened  to  the  required  extent  by  the  addition  of  rings  of  clay. 
As  soon  as  these  rings  have  reached  a  certain  height,  the  cylinder 
thus  formed  is  surrounded  by  a  new  segment  of  the  mould.  The  clay 
is  once  again  beaten  against  the  wall  of  the  segment  that  has  been 
put  on,  and  is  again  bored  out  by  the  help  of  the  sweep.  The  upper 
tnige  of  the  tube  thus  prolonged  is  again  scored,  and  the  previous 
process  is  repeated,  and  continued  until  the  retort  has  reached  the 
desired  height.  A  small  ring  of  clay  is  then  placed  upon  the  top  edge 
and  pressed  inwards  in  order  to  strengthen  the  wall  of  the  retort  at 
this  point  Finally  the  upper  edge  of  the  retort  is  cut  smooth.  It, 
together  with  the  inside  of  the  retort,  is  planished,  and  the  whole  is 
then  placed  in  a  well-ventilated  room.  A  workman  can  produce  from 
18  to  20  retorts  in  12  hours.  After  some  48  hours  the  various  seg- 
ments of  the  mould  are  removed  gradually,  and  the  retort  is  then 
allowed  to  stand  for  another  three  weeks  until  it  is  completely  air- 
dried.  It  is  then  dried  for  two  or  three  months  in  chambers  heated 
by  furnaces  or  stoves  to  a  temperature  of  25**  C.  at  first,  rising  ultimately 
to  70"  C.  The  longer  the  retorts  are  allowed  to  renaain  in  these 
heated  drying  chambers,  the  better  do  they  stand  in  use.  Another, 
but  less  common,  method  of  manufacturing  retorts  by  hand  consists 
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in  placing  a  cylindrical  core  into  the  mould  and  ramming  the  material 
of  which  the  retort  is  to  consist  into  the  ring-shaped  space  left  be- 
tween the  mould  and  the  core. 

The  manufacture  of  retorts  by  machinery  is  performed  in  various 
ways.  The  older  method,  which  is  still  in  use  in  isolated  cases, 
consists  in  forcing  the  clay  wrapped  in  linen  into  a  vertical,  cylindrical, 
or  elliptical  wooden  mould  arranged  to  open,  and  then  boring  out,  by 
means  of  a  drilling  machine,  a  cylindrical  or  elliptical  hole  in  it.  The 
clay  is  forced  in  by  means  of  a  hammer  moving  up  and  down.  After 
the  mould  has  been  filled  in  this  way  it  is  carried  with  its  contents  to 
the  boring  machine,  which  then  hollows  it  out.  The  mould  is  then 
opened,  and  the  retort  is  taken  out  and  carried  into  the  drying 
chamber,  where  its  linen  covering  is  removed  and  the  inside 
smoothed.  At  Angleur  three  men  and  two  boys  can  make  140  retorts 
in  this  way  in  10  hours. 

A  second  method,  which  is  now  used  at  most  of  the  Belgian  zinc- 
works,  consists  in  first  moulding  the  clay  into  the  form  of  solid  cylin- 
ders, and  then  pressing  these  into  the  shape  of  retorts  by  hydraulic 
machinery.     By  these  means  the  bottom  of  the  retort  is  made  in  one 
piece  with   the  tube.     The  solid  cylinders   are  1  foot  8  inches  in 
diameter,  and  2  feet  in  length.     They  are  produced  by  pressing  lumps 
of  clay  into  cylindrical  or  elliptical  moulds,  the  bottom  of  which  is 
formed  by  a  hydraulic  piston.     After  the  clay  has  been  rammed  sufli- 
oiently  firmly  into  the   mould   with   hammers,  it  is   forced  out  of 
the   mould  by  means  of  a  hydraulic  i*am,  and  then,  by  means  of 
hydraulic  presses,  forced  into  the  shdpe  of  the  retort.     There  are 
various  forms  of  these  hydraulic  retort  machines  in  use.   One  of  them 
consists  of  a  vertical  cylinder  of  cast  steel,  the  interior  of  which  has 
the  shape  and  dimensions  of  the  exterior  of  the  retort.     Inside  it 
there  is  a  hollow  core  of  the  shape  and  size   of  the  interior  of  the 
retort  to  be  moulded,   A  lump  of  clay  is  first  thrown  into  the  cylinder 
to  form  the  bottom  of  the  retort.     The  upper  end  of  the  cylinder  is 
then  closed,  and  by  means  of  a  hydraulic  ram  a  pressure  of  from  150 
to  200  atmospheres  is  exerted  upon  the  clay  in  the  cylinder,  from 
beneath.     The  bottom  is  formed  by  pressing  the  clay  against  the   I 
cover  of  the  cylinder,  the  walls  by  the  clay  being  forced  into  the 
annular  space  between  the  cylinder  and  the  core ;  the  pressure  is  kept   j 
on  for  some  2  minutes.     After  this,  the  cover  of  the  cylinder  is  taken   | 
off,  and  the  retort  is  forced  out  of  the  mould  by  allowing  the  hydraulic 
cylinder  to  rise.     When  it  has  reached  the  desired  length,  the  retort 
is  cut  off  by  means  of  a  wire. 

To  this  class  belongs  the  moulding  machine  of  N.  J.  Dorr  in 
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Ampsin/  a  vertical  section  of  which  is  shown  in  Fig.  96.  The 
cylinder,  which  can  be  worked  under  a  pressure  of  200  to  300 
atmospheres,  is  shown  at  a,  and  the  piston  at  b ;  the  latter  can  also 
work  in  the  cylinder  e,  which  holds  the  clay,  o  is  the  retort  cylinder 
and  i  the  core,  the  top  of  which,  J,  corresponds  in  section  to  the  inside 
of  the  retort,  and  is  perforated  at  k  with  a  hole 
which  allows  of  the  passage  of  air  into  the  retort. 
The  mould  I  at  the  end  of  the  cylinder  gives  the 
retort  its  external  shape,  and  g  is  the  cylinder 
cover,  which  can  be  removed  by  pressing  the  rod  s. 
After  the  cylinder  e  has  been  filled  with  clay  the 
piston  presses  the  clay  into  the  retort  cylinder  o, 
where  the  retort  is  formed.  The  cylinder  e  is  fixed 
to  four  columns  n  by  means  of  four  cast  stey-pieces, 
and  is  forced  against  the  collar  /  during  the  com- 
pression of  the  clay  by  the  two  hydraulic  presses  c 
When  the  compression  is  over,  the  piston  is  allowed 
to  fall,  and  the  cylinder  e  sinks  into  a  and  is  again 
filled  with  clay.  The  core  i  is  carried  by  an  arm 
cast  into  the  collar  /,  and  the  latter  is  bolted  on 
to  the  bearer  m. 

Another  form  of  moulding  machine  consists  of 
a  vertical  hollow  cylinder  of  cast  steel,  in  which 
there  is  an  annular  piston  which  fits  exactly  into 
the  interior  thereof.  Inside  the  annular  piston 
there  is  a  cylindrical  core  of  the  shape  of  the  in- 
terior of  the  retort ;  both  pistons  work  from  below 
upwards.  The  top  of  the  cylinder  is  closed  by  a 
heavy  cover  of  cast  steel.  To  make  a  retort,  a  cylindrical  block 
of  clay  of  the  requisite  size  is  introduced  into  the  cylinder,  the  top  of 
which  is  closed.  Both  pistons  are  at  first  pressed  simultaneously 
upwards  to  compress  the  clay ;  thereupon  the  inner  cylinder  or  core 
is  forced  into  the  clay,  whilst  the  annular  cylinder  sinks  back.  By 
this  movement  the  retort  receives  the  shape  required.  After  it  has 
been  formed,  the  upper  end  of  the  cylinder  is  opened,  and  by  forcing 
up  the  annular  cylinder  the  retort  is  pressed  out  of  the  apparatus  ; 
here  also  the  pressure  amounts  to*  150  to  200  atmospheres,  and  is 
applied  for  some  2  minutes.  A  machine  of  the  first  kind  is  used,  for 
^^xample,  at  Ampsin  in  Belgium.  This  machine  will  make  145 
retorts  in  10  hours,  with  the  labour  of  4  men  per  shift.  Another 
naan  is  required  for  moulding  the  clay  cylinders,  and  another  removes 
'  Steger,  Preu»s.  Zeitschr,  p.  418, 
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the  finished  retorts  into  the  dr}'ing-house.  A  machine  of  the  second 
class  is  in  use  at  the  Munsterbusch  Works,  near  Stolberg,  for  the 
manufacture  of  muffles;  140  to  150  muffles  are  there  produced  in 
10  hours,  three  men  being  required.  Retorts  manufactured  by  the 
aid  of  hydraulic  machinery  are  better  and  more  durable  than  those 
produced  by  hand,  chiefly  because  the  walls  are  denser,  so  that  the 
loss  of  zinc  has  become  considerably  less  since  they  have  come  into 
use.  Retorts  made  by  machinery  are  dried  in  the  same  way  as  those 
made  by  hand.  Before  the  retorts  are  introduced  into  a  furnace  in 
operation,  they  must  be  heated  for  a  time  in  a  kiln  to  prevent  their 
cracking  and  bending.  They  must  be  heated  up  to  a  red  heat  for 
12  to  24  hours,  and  must  be  turned  round  at  half  time. 

The  kilns  in  which  the  retorts  are  heated  before  being  used  are 
reverberatory  furnaces,  through  the  beds  of  which  pass  numerous  per- 
forations. The  retorts  are  placed  in  the  heating  chamber  above  this 
bed.     The  grate  is  either  below  the  perforated  bed,  so  that  the  flames 
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pass  through  the  openings  in  the  latter  from  below  upwards,  or  eli>e 
it  is  on  one  side,  and  the  flame  passes  over  a  fire-bridge  into  the  upper 
part  of  the  heating  chamber,  passing  through  the  latter  from  above 
downwards,  and  escaping  through  the  openings  in  the  hearth  into  the 
flues.  A  furnace  of  the  latter  kind,  which  is  said  to  have  donu 
exceedingly  good  work,  and  to  have  been  very  durable,  and  which  is 
preferred  in  England  to  kilns  of  the  first  kind,  is  shown  in  Figs.  97 
to  99.  A  is  the  heating  chamber,  7  feet  long,  4  feet  6  inches  wide, 
and  5  feet  high  in  the  centre,  holding  some  25  retorts;  a  is  the 
fire-place  ;  the  grate,  4  feefc  3  infthes  long  and  12  inches  wide,  consists 
of  halves  inclined  towards  each  other ;  6  is  the  fire-bridge  ovi-r 
which  the  flame  passes  into  the  heating  chamber.  The  flame  traverses 
the  latter  from  above  downwards,  and  passes  through  the  aperturrs 
c,  4  inches  square,  in  the  bed,  into  the  flue  which  leads  the  products 
of  combustion  into  the  stack. 
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Ai^apters 

The  adapters,  in  which  the  gaseous  zinc  condenses,  are  short 
conical  tubes  of  clay,  which  is,  however,  less  fire-resisting  than  the 
clay  of  the  retorts.  They  are  usually  composed  of  a  mixture  of 
equal  parts  of  raw  and  burnt  clay.  In  England  the  mixture  con- 
sists of  one  part  of  clay  from  Andenne,  one  part  of  Stourbridge  clay, 
and  four  parts  of  old  retorts  and  bricks.  The  mixture  is  either 
formed  into  sheets  and  turned  round  cores  and  then  beaten  firmly 
against  the  latter,  or  else  it  is  pressed  into  a  conical  metal  mould, 
into  which  a  core  is  forced.  The  piece  thus  made  is  carefully  dried, 
smoothed  inside,  and  finally  burned.  These  adapters  are  about  16 
inches  long,  6  inches  in  external  diameter  at  the  wide  end,  and 
3  inches  at  the  narrow  end.     A  workman  can  make  100  of  these  in 
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a  day.  Before  being  used,  they  are  coated  with  milk  of  lime,  so  as  to 
enable  any  accretions  that  may  form  in  them  to  be  removed  without 
difficulty.  The  wide  end  of  the  adapter  fits  into  the  retort,  the  space 
between  the  two  being  filled  up  with  clay.  An  adapter  lasts  from 
8  to  10  days.  The  fragments  of  old  adapters  after  being  cleaned  can 
be  used  for  the  manufacture  of  firebricks  of  inferior  quality.  The 
mode  of  attaching  the  adapter  and  its  position  with  respect  to  the  retort 
are  seen  in  Fig.  100,  the  wide  end  of  the  adapter  being  luted  to  the 
rptort  r ;  the  front  narrow  end  rests  upon  a  brick.  To  it  is  attached 
the  so-called  no2szle  r,  which  is  made  of  sheet- iron,  and  serves  to  catch 
any  particles  of  metal  that  may  be  carried  off  by  the  vapours ;  it  is 
secured  by  means  of  wires,  which  are  made  fast  to  the  front  wall  of 
the  furnace.  Carbon  monoxide  generated  in  the  retorts  bums  on 
leaving  the  nozzle. 

Other  forms  of  nozzles  are  seen  in  Figs.  101  and  102.*   In  Fig.  101, 

^  Sieger,  Sammlimg  chem,   und   chemiach-terhnischer  Vortrdge^   Ahren«,  vol.   i. 
Xo.  2,  p.  61. 
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s  is  the  peep-hole  at  which  the  gases  are  evolved.  The  nozzle  depicted 
in  Fig.  102  is  supplied  with  partitions  z  in  order  to  promote  the 
precipitation  of  the  zinc  dust.  The  gas  burns  at  t.  Instead  of 
nozzles,  a  system  of  pipe-chambers  may  be  used  with  advantage,  as 
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shown  in  Fig.  103.  (Steger,  ibid)  U  is  the  lower  chamber  with 
peep-hole,  into  which  is  fastened  at  o  the  upper  chamber  consisting 
of  the  arms  a^  a^  and  a^,  ss  are  sheets  of  iron  attached  to  a  rod, 
which  deflect   the   gases   against   the   sides   of  the  pipes  and  thus 

promote  cooling.    The  gases  can  escape 

through    the   pipe   d,   though   this  is 

dispensed  with  in  Belgian  works.    The 

gases    are    best    allowed     to    escape 

through  a  hole  in  the  sliding  cover  C. 

It  is  advisable  to  lead  the  gases  and 

vapours  from  3  to  5  retorts  into  one 

common    lower  chamber  to   which   is 

attached  an  upper  chamber  (Fig.  104). 

The  lower  chambers   must   be   small 

enough   not   to   hinder  access  to   the 

retorts,  and  the  upper  chambers  must 

be    so    arranged    that    inspection    is 

possible.     While  the  upper  chambers 

Fic.  103.  of    the    three    uppermost    rows    may 

have  arms  of  equal    length,  those   of 

the   other   rows   of   retorts   must   protrude    more  the   lower   their 

position  in  the  furnace,  so  that   space   is   obtained   for   fixing   on 

the  upper  chambers  (Fig.   105). 
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Fu.maces 

The  furnaces  employed  in  distillation  are,  as  already  mentioned, 
shaft  furnaces  fired  externally.  The  retorts  are  disposed  in  them  in  a 
number  of  tiers  one  above  the  other,  so  that  the  greater  portion  of  their 
surfiwes  shall  be  exposed  to  the  flame.  They  rest  with  their  back 
ends  on  ledges  built  into  the  back  wall  of  the  furnace,  and  with  their 
front  ends  on  plates  made  of  clay  and  iron  in  the  hotter  and  cooler 
parts  respectively.  They  slope  to  the  front  end  so  as  to  facilitate  the 
emptying  and  the  removal  of  liquids.  The  number  of  retorts  which 
a  furnace  will  take  varies,  according  to  the  dimensions  of  the  latter, 
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between  60  and  1,008.  For  example,  a  double  furnace  in  La  Salle,  in 
the  State  of  Illinois,  has  on  either  side  204  retorts,  or  408  altogether. 
The  newer  furnaces  there  have  448,  576,  864,  and  1,008  retorts.^ 
Furnaces  fired  with  natural  gas  at  Jola,  Kansas,  have  600  to  660 
retorts,  arranged  in  5  rows,  with  from  60  to  66  on  either  side. 
Furnaces  fired  with  coal  in  Kansas  and  Missouri  have  2  rows  of  112 
retorts,  or  224  in  all.  The  newer  furnaces  with  Siemens  firing  at 
Overpelt,  Prayonn,  and  Engis  in  Belgium  have  240  retorts ;  those  at 
the  older  works  in  Vieille  Montagne  have  100  retorts  in  5  rows  on 
each  side,  or  200  altogether.  Fewer  retorts  per  furnace  are  to  be 
found  in  many  works,  local  conditions  and  the  custom  of  the  workmen 

»  Ingsllfl,  Tht  Metallurgy  of  Zinc  and  Cadmium,  1903. 
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determining  the  number.  In  order  to  enable  the  furnaces  to  hold  as 
many  retorts  as  possible,  they  have  been  made  oval  in  cross  section, 
or  the  front  of  the  furnace  has  been  made  of  hexagonal  frames  of  cast 
iron,  the  end  of  a  retort  fitting  into  each  hexagon,  or  instead  of  the 
hexagons  cast-iron  rings  have  also  been  employed.  The  furnaces  are 
either  single,  and  then  consist  of  one  shaft-like  chamber  filled  with 
retorts,  or  else  are  double,  in  which  case  they  are  divided  by  a  vertical 
partition  wall  into  two  shafts,  each  of  which  carries  retorts.  With 
respect  to  the  mode  of  firing,  furnaces  are  divided  into  those  fired  bv 
means  of  grates,  those  fired  by  grates  and  gas,  and  those  fired  by 
means  of  natural  gas.  By  a  suitable  modification  of  grate  firing 
(^Wetherill  grates  and  modified  gas-firing),  and  more  especially  by  the 
introduction  of  gas  firing,  important  advantages  as  regards  the  con- 
sumption of  fuel  and  economy  in  retorts  have  been  attained,  and  the 
distillation  has  been  rendered  independent  of  the  nature  of  the  fuel. 
Apart,  therefore,  from  exceptional  conditions,  the  method  of  gas 
firing  should  as  a  rule  be  used  for  Belgian  furnaces. 
We  have  accordingly  to  consider : — 

1.  Furnaces  fired  by  gmtes. 

2.  Furnaces  fired  by  grates  and  by  gas. 

3.  Furnaces  fired  by  producer  gas. 

4.  Furnaces  fired  with  natural  gas. 


1.  Furnaces  Fired  by  Grates 

These  furnaces  are  either  single  or  double.  The  grates  are  either 
flat  or  step-grates.  When  long-flaming  coals  are  available,  the 
h'o-called  clinker  grate  is  used,  in  which  the  fresh  coals  are  thrown 
upon  a  bed  of  clinker,  and  the  air  which  enters  under  the  grate  is 
wanned  by  passage  through  this  bed.  The  clinker  is  removed 
through  the  interspaces  between  the  grate  bars,  and  falls  into  the 
ashpit.  A  clinker  grate  has  the  advantage,  as  compared  with 
ordinary  grates,  of  consuming  eSectually  the  fuel,  of  heating  the 
air  used  for  combustion,  and  of  only  needing  the  removal  of  ashes 
at  longer  intervals  of  time,  as  also  of  aflfording  a  better  protection  to 
the  grates  against  the  fire.  For  leaner  coals  the  so-called  open  grate 
is  used  in  which  ashes  are  removed  from  above.  Anthracite  can  be 
burned  on  the  so-called  Wetherill  grates.  These  are  in  use  in 
Bergen  Port  and  in  Bethlehem  in  the  United  States.  The  grates 
consist  of  cast  iron  plates    IJ  inches  thick,  which  are  pierced  bv 


ZINC  143 

conical  holes.  These  holes  are  1  inch  wide  at  their  wide  end, 
04  inch  at  the  narrow  end.  There  are  1.00  holes  to  the  square 
foot.  The  plates  are  so  arranged  upon  cast-iron  bearers  that  the 
narrow  ends  of  the  holes  are  uppermost,  thus  preventing  them  from 
becoming  stopped  up.  Air  is  introduced  by  means  of  a  fan  blast  and 
conducted  by  means  of  a  flue  passing  undenieath  the  floor  of  the 
works  into  the  closed  ashpit.  A  further  portion  of  air  is  heated  in 
the  lowest  retorts,  which  are  not  charged,  and  is  conducted  into  the 
fireplace.     By  thus  means  7  tiers  of  retorts  can  be  heated. 


Single  Furnaces 

In  these  furnaces  11  to  12  retorts  are  allowed  to  every  35  cubic  feet 
of  furnace  capacity,  and  1  square  foot  of  grate  area  to  16  to  20  cubic 
feet  of  furnace  capacity.  The  older  Belgian  furnace — the  so-called 
Liege  furnace — was  designed  in  1807  by  Abb4  Dony  in  Li^ge.  Its 
arrangement,  as  it  was  erected  at  Moresnet,is  shown  in  Figs.  106  and 
107.^  The  arched  furnace  shaft  is  10  feet  6  incfics  high,  8  feet  wide, 
and  5  feet  deep.  It  contains  69  retorts  in  9  tiers.  The  lowest  tier 
of  8  retorts,  which  lie  nearest  to  the  grate,  known  as  pi^otecteurs,  or 
'' cannons"  is  not  charged.  Their  only  object  is  to  weaken  the 
cutting  action  of  the  flame  and  to  distribute  the  latter  uniformly 
amongst  the  other  retorts.  The  remaining  retorts  are  arranged  with 
their  back  ends  upon  the  projections  v  of  the  back  wall,  and  with 
their  front  ends,  in  the  six  lower  rows,  resting  upon  tiles  (fuques),  s, 
thu  prolongation  of  which  is  formed  by  plates  of  iron ;  in  the  two 
upper  rows  they  rest  upon  plates  of  iron  only.  By  means  of  bricks 
placed  on  edge  the  whole  front  wall  of  the  furnace  is  divided  into 
compartments,  which  contain  in  the  topmost  row  one  retort  each, 
whilst  in  the  lower  tiers  they  contain  two  retorts  each.  JK  is  the 
grate,  M  the  fire  door,  N  are  the  flues,  through  which  the  products 
of  combustion  escape  either  into  the  stack  or  into  the  furnace  for 
ciilcining  calamine.  JT  is  a  chamber  in  which  the  residues  from 
distillation  are  collected.  The  arrangement  of  the  retorts  and 
arlapters  is  shown  in  Fig.  108.  At  the  Morriston  works  of  Vivian 
and  Sons,  near  Swansea,  in  England,^  there  were  in  1878  single 
Belgian  furnaces  in  use,  the  larger  of  which  contained  6  tiers  of 
H-'torLs,   16   in  a  row  and  1   tier   with   16  blanks,  or    112    retorts 

^  Bery-  und  HiUtenm,  Ztg.  1859,  p.  405 ;  1860,  p.  3. 
*  Borgnet,  Btrrj-  und  Hiittenm,  Ztg.  1878,  p.  388. 
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altogether..    The  blank  retorts  or  "  caiirums  "  were  constructed  with 
an  air  flue  in  their  lower  portion  in  order  to  cool  them,  as  shown  in 


Fig.  109.  Each  furnace  had  two  fireplaces  6  feet  long  by  9  inch 
wide.  Each  furnace  treated  two  charges  daily,  but  the  four  bottii 
tiers  only  treated  one  charge  each.     In  24  hours  27  cwts.  of  calami 
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and  blende,  containing  50  to  51  per  cent,  of  zinc,  and  15  cwts.  of 
coal-dust,  were  distilled,  the  product  being  11  to  11^  cwts.  of  zinc. 
The  coal  consumption  was  2  tons  to  1  ton  of  ore.  There  were  three 
men  employed  on  each  shift.  Four  retorts  were  destroyed  in  every 
24  hours.  These  furnaces  were  not  satis6ictory  as  regards  the 
consumption  of  fuel  and  the  working  costs,  and  were  far  surpassed 
by  the  Cornwall  furnace  employed  at  the  same  works,  designed  by 
Alfred  Borgnet.  Instead  of  one  single  grate  running  parallel  to  the 
longitudinal  axis  of  the  furnace,  these  furnaces  possess  5  grates  at 
right  angles  to  the  axis,  inclined  parallel  to  the  direction  of  the 
retorts,  and  capable  of  being  fired  from  the  back  side  of  the  furnace. 


Fia.  108. 


Fia.  100. 


consequence  of  this  arrangement,  the  length  of  the  furnace  can 
notably  increased.  The  construction  of  these  furnaces  at  the 
>rriston  Zinc  Works  is  shown  in  Figs.  110  and  111.  They  contain 
)  retorts  in  6  horizontal  tiers.  The  retorts  U  of  the  four  lower 
rs,  the  so-called  cannons,  have  air  flues  as  shown  in  Fig.  109, 
list  the  retorts  of  the  two  uppermost  tiers  are  without  such  flues, 
s  one  of  the  five  grates  24  inches  by  6  inches  in  area.  The 
jucts  of  combustion  pass  through  17  apertures  in  the  arch 
he  furnace  into  the  main  flue  S,  and  from  the  latter  into  a 
k  23  feet  in  height.  The  front  wall  is  composed  of  11  cast-iron 
ITS,  cast  in  one  piece,  each  of  which  is  4  inches  broad  and  has 
s  0*4  inch  thick.  The  interspaces  between  the  walls  are  filled 
I  fireproof  material.    Cast-iron  plates  1  foot  8  inches  long  slide 
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in  grooves  along  the  pillars,  and  upon  these  lie  fire-brick  tiles,  upon 
which  the  front  portions  of  the  retorts  may  rest.  The  length  of  the 
furnace  between  the  outer  walls,  which  are  4  feet  thick,  is  20  feet 
6  inches,  the  width,  including  the  brickwork,  is  7  feet,  the  height 
from  the  grate  to  the  arch  is  14  feet,  the  height  in  front  from  the 
first  cast-iron  plate    to    the   spring  of   the  arch  is  10  feet.    The 


0 

H^ 

l|W 

-* 

Fio.  111. 


Fio.  110. 


distance  between  the  cast-iron  plates  of  the  first  and  second  tiei^ 
amounts  to  20  inches,  of  the  third  and  fourth  tiers  to  19  inches,  o\ 
the  fifth  and  sixth  tiers  to  17  inches.  The  recesses  are  20  inches 
wide,  and  carry  2  retorts  each.  The  arch  consists  of  alternate 
layers  of  the  best  fire-brick  and  Dinas  brick,  and  is  10  inches  thick 
The  furnace  is  supported  upon  iron  rails.     It  is  capable  of  treating 
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2  tons  2  cwts.  of  ore  containing  49  to  50  per  cent,  of  zinc,  mixed 
with  1  ton  of  coal,  in  24  hours,  the  output  being  15f  to  17  cwts.  of 
zinc.    For  1  ton  of  ore  2  tons  of  fuel  and  1*6  retorts  are  consumed. 

The  Belgo-Comwall  furnace^  contains  4  tiers,  each  of  10  oval 
mnrwns   or   dummy    retorts,   and    two    rows   of   18   retorts   each. 
The  grates  are  not  transversal,  but  longitudinal,   there  being  two, 
each  of  8   feet  6  inches  by  10  inches  area.     These  furnaces  treat 
in  24  hours  30  cwts.  of  ore  mixed  with  9  cwts.  of  coals,  with  an 
output  of  12|^  to  13  cwts.  of  zinc.     Each  ton  of  ore  requires  the 
consumption  of  42  cwts.  of  coals  as  fuel.      A  furnace   destroys   4 
retorts  per  day.     C!ompared  with  the  older  Lifege  furnace,  the  Corn- 
wall furnace  requires  less  labour  and  is  far  more  durable,  lasting  5 
to  6  years,  as   compared  with  12  to  15  months.     On   the    other 
hand,  it  requires   more   coals  than  does   the   Lifege    furnace,  due 
in  part  to  the  cooling  of  the  retorts.     The  Belgo-Cornwall  furnace 
requires,  on  the  other  hand,  more  labour,  but  consumes  fewer  retorts 
than  does  the  Cornwall    furnace.     It  is  somewhat  inferior  to  the 
latter,  but  far  superior  to  the  old  Lifege  furnace.     A  furnace  with 
gas  firing,    on  the  Siemens  principle,   has   been   patented  by  the 
Actiengesellscha/i  fUr   Glas-indvMrie,  (late    Friedrich   Siemens),   of 
Dresden.* 

It  is  not  known  whether  this  furnace  has  ever  come  into  use. 


DouhU  Furnaces 

As  an  example  of  the  double  furnace  with  grate  fire,  the  furnace 
which  was  in  use  in  the  year  1871  at  the  works  of  the  Nouvelle 
Montague,  at  Prayon,  may  be  described.  Its  construction  is  shown 
in  Figs.  112  to  114.*  In  these  V  v&  the  vertical  wall  which  divides 
the  furnace  into  two  parts.  It  also  serves  to  support  the  rear  ends 
of  the  retorts,  the  front  ends  of  which  are  carried  by  slabs  in  the 
same  way  as  in  the  single  furnace.  Each  half  contains  46  retorts  in 
6  tiers,  the  lower  5  rows  consisting  of  8  retorts  each,  whilst  the 
upper  one  contains  only  6.  F  is  the  fireplace  with  flat  grate,  the 
arch  of  which  carries  the  above  mentioned  dividing  wall.  Above 
the  arch  there  is  an  air  flue  for  the  purpose  of  cooling  the  brickwork. 
On  either  side  of  the  arch  there  are  slots  t  at  given  distances  apart, 

^  Btrg.  und  HiUtenm.  Zig.  1878,  p.  387. 
'  D-  R..P.  No.  50917,  September,  1889. 

*  Massart,   Rev,    Univera,  des  Mines,  1871,  vol.  xxix.  p.  313  ;  Zeitschr.  d,    Ver, 
Dtat.vh,  Ing.,  voL  xvi.  pp.  10,  105. 
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through  which  the  flame  enters  both  divisions  of  the  furnace.  In 
each  division  there  are  2  flues  z,  in  the  arch  of  the  fumaw, 
through  which  the  products  of  combustion  pass  into  stacks  i, 
23  feet  in  height.     The  residues   after  distillation  are  discharged 
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through  the  flue  /into  the  vault  W,  and  removed  by  means  of  the 
arched  gallery  R  running  beneath  the  grate.  The  double  furnaces 
at  Kansas  and  Missouri  have  112  retorts  in  7  rows  on  each  side,  that 
is,  224  in  all.  For  further  information  upon  grate-fired  Belgian 
furnaces  in  the  United  States  see 
Ingalls,  The  Metallurgy  of  Zinc 
and  Cadmium  y  p.  133. 


2. — Furnaces  Fired  by  both  Grates 
avd  Gas 


Hauzeur  has  designed  a  pecu- 
liar form  of  double  furnace,  fired 
both  direct  and  by  means  of  gas, 
which  has  been  used  in  Belgium 
and  Spain.^  The  retorts  of  one 
division  are  heated  by  means  of 


Fio.  118. 


Fig.  114. 


direct  firing.  The  products  of  combustion,  mixed  with  unburn t 
gases,  escape  at  the  upper  end  of  this  division  and  enter  the  second 
division,  which  they  traverse  from  above  downwards;  in  the 
.second  division  the  unbumt  gases  are  completely  burnt  by  the 
introduction  of  heated  air.  The  construction  of  this  furnace, 
which  thus  presents  a  combination  of  grate  and  gas-firing,  is 
shown  in  Figs.  115  to  117;^  N  is  the  grate,  upon  which  the  fuel 
is  only  partly  burnt  by  the  introduction  of  a  limited  amount  of  air. 

>  D.  R.-P.  No.  3729,  September  15,  1877. 

«  Spirek,  OesUrr,  ZeUschr,  1881,  p.  335 ;  Dingier,  235,  221. 
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The  flame  and  unconsuraed  gas  traverse  the  first  division  X^and  then 
enter  the  second  division  72,  in  which  the  unburnt  gases  are 
completely  burnt.  The  air  required  for  this  purpose  enters  the 
second  division  by  means  of  flues  B,  B,  in  the  walls  of  the  furnace, 
passes  out  of  these  into  the  chamber  (7,  thence  passes  through  the 
horizontal  flues  D  into  the  flue  E  in  the  central  wall,  escaping 
finally  in  a  heated  state  through  the  horizontal  apertures  /  into  the 
upper  part  of  the  shaft  iZ,  where  the  unconsumed  gases  are 
completely   burnt.     The   products  of   combustion    descend  in  this 


Section  on  J-Jl 


Fios.  115—117 


shaft,  escaping  through  the  flue  G  into  the  stack.  On  their  way 
they  give  off  a  considerable  portion  of  their  heat  to  the  brickwork 
surrounding  the  air  flues. 


3. — Gas-Jired  Furnaces 

These  furnaces  are  heated  entirely  by  means  of  producer  gas. 
They  have  the  advantage,  as  compared  with  direct  fired  furnaces, 
of  being  independent  of  the  nature  of  the  fuel,  of  consuming  less 
fuel  and  fewer  retorts,  and  of  extracting  more  zinc.  The  diminished 
consumption  of  retorts  depends  not  only  upon  the  uniform  tempera- 
ture obtained  by  means  of  gas-firing,  but  also  upon  the  existence  ol 
a  slight  plenum  of  pressure  in  the  furnace,  which  prevents  cold  air 
from  entering  it,  whereas  in  a  grate-fired  furnace  cold  air  enters  the 
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latter  whenever  fresh  fuel  is  charged.  In  consequence  of  these  con- 
ditions, the  retorts  are  less  apt  to  crack,  and  last  longer.  For  the 
same  reason  the  output  of  zinc  is  higher,  because  less  zinc  vapours 
escape  from  the  retorts  into  the  furnace.  The  air  used  for  burning 
the  gas  should;  as  a  rule,  be  heated.  Gas  furnaces  with  and  without 
regenerators  are  employed.  Furnaces  with  regenerators,  although 
they  consume  less  fuel  and  attain  higher  temperatures  than  the 
others,  have  been  employed  in  but  few  cases.  Only  in  recent  years 
have  these  furnaces  been  improved  and  more  generally  adopted. 

Gas-fired  Furnaces  vnthout  Regenerators, 

These  furnaces  have  been  used  at  Moresnet,  in  Belgium,  and  in 
the  United  States  of  North  America.  At  Moresnet,  generators  with 
step  grates  as  well  as  Grobe-Liirmann  producers  have  been  employed.^ 
The  latter  form  of  producer  has  given  results  inferior  to  those  obtained 
by  the  step  grates.  Two  furnaces  were  united  to  form  one  block,  but 
each  frimace  was  provided  with  a  separate  producer.  The  two 
furnaces  were  not  built  directly  back  to  back,  but  a  flue,  into  which 
the  products  of  combustion  escaped,  separated  them.  The  gases 
entered  the  furnace  from  the  producers,  when  they  came  into  contact 
with  hot  air  heated  in  the  bottommost  row  of  the  retorts,  and  were 
thus  burnt.  They  ascended  in  the  furnace  and  escaped  from  the 
upper  end  thereof  into  the  above-mentioned  vertical  flue,  through 
which  they  made  their  way  downwards  towards  the  stack.  The 
furnaces  used  in  the  neighbourhood  of  lAhge  ^  are  broader  than  they 
are  high.  They  are  built  in  pairs  back  to  back,  each  separate  furnace 
being  provided  with  two  gas-producers.  The  air  is  heated  and  is 
caused  to  enter  the  furnace  at  various  places  in  order  to  heat  the 
latter  as  uniformly  as  possible.  Loiseau  *  passes  producer-gas  through 
a  series  of  chambers  leading  one  into  the  other  and  filled  with 
retorts.  Into  the  first  heating  chamber  he  admits  cold  air,  into  the 
following  ones  hot  air,  the  temperature  of  which  is  gradually  raised 
in  proportion  as  the  amount  of  combustible  gases  in  the  current 
diminishes.  The  object  of  this  arrangement  is  to  attain  as  uniform 
a  temperature  as  possible  in  all  portions  of  the  furnace,  so  that  loss 
of  zinc,  due  to  alternations  of  temperature,  may  be  avoided. 

The  construction  of  the  older  type  of  gas-fired  furnace  at  the 
Matthiesen-Hegeler  Zinc  Works,  at  La  Salle,  is  shown  in  Figs.  118 

*  AUgemeine  HuUerUctindt,  p.  213 ;  Wochtiiachr,  d,  Ver,  DatUsch.  Ing.  1877,  p.  14. 

*  Wocheruchr,  d,  Ver,  Deutsch,  Ing.  No.  44. 

*  Berg-  und  ffuJUenm.  Zip.  1879,  p,  171, 
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and  119.     The  furnaces  are  double  furnaces  into  which  the  gases 
enter  from  above.     The  topmost  tier  contains  36  retorts.     These  are 
4  feet  3  inches  long,  20  inches  high,  and  8  inches  broad  in  the  clear ; 
below  these  there  are  4  tiers  of  42  retorts  each,  the   length  and 
diameter  of  which  decrease  from  above  downwards.     Each  side  of  the 
double  furnace  accordingly  contains  168  retorts,  not  counting  those 
in  the  topmost  tier.     The  gases  are  generated  in  producers  provided 
with  step  grates,  not  shown  in  the  illustration.     Passing  into  the 
horizontal  flues  b,  they  enter  the  vertical  flues  c,  on  either  side  of  the 
furnace,  and  escape  through  the  upper  end  of  the  latter  through  the 
slots  d  into  the  upper  portion  of  the  furnace.     They  are  here  burnt 
by  means  of  a  blast  of  air  which  enters  the  furnace  through  the  blast 
main  ff,  g,  by  the  tubes/  and  the  slots  e.    The  flame  thus  produced 
traverses  the  furnace  from  above  downwards.     The  products  of  com- 
bustion escape  through  i  into  the  flues  k,  I,  to  the  stack.     A  portion 
of  the  heat  of  these  gases  penetrates  through  the  walls  of  the  flue  6, 
and  thus  warms  the  gases  entering  the  furnace. 

The  modem  furnaces  at  the  above-named  works  ^  consist  of 
a  row  of  heating  chambers  communicating  with  each  other,  which 
are  traversed  in  turn  by  the  stream  of  gas,  and  are  furnished  with 
apertures  for  the  introduction  of  hot  air.  Each  pair  of  furnaces 
has  a  back  wall  in  common,  and  is  united  to  form  a  block.  There 
are  4  to  6  tiers  of  retorts  in  each  furnace,  each  row  consisting  of  56 
to  72  or  84  retorts.  The  largest  block  of  two  furnaces  contains  1,008 
retorts. 

A  furnace  designed  by  Hegeler,*  which  has  not  yet  come  into  use, 
is  shown  in  Figs.  120  and  121.  It  can  be  fired  with  natural  gas. 
The  air  enters  at  one  end  of  the  furnace,  and  the  gas  is  led  in 
through  pipes  at  different  positions  along  the  front  of  it.  The  retorts 
are  arranged  in  groups,  each  of  which  receives  fresh  gas,  so  that  all 
parts  of  the  furnace  are  at  the  same  temperature.  The  air  is 
forced  by  a  fan  into  a  sheet-iron  flue  B\  which  is  provided  with 
a  regulator  b\  and  passes  thence  into  the  upright  flue  B  made  of  fire- 
brick, and  from  this  into  the  retort  chamber  of  the  furnace.  The 
retorts  are  arranged  in  groups,  and  these  groups  are  separated 
from  one  another  by  the  spaces  I).  The  gas  passes  at  suitable 
pressure  through  the  pipe  E"  into  the  upright  branch  pipes  e  e,  and 
issues  from  these  through  the  hole  c  in  the  front  wall  of  the  furnace 
into  the  spaces  D  between  the  groups  of  retorts.  Some  gas  also 
enters   the  air-flue  B  through  the  pipe  t  and  its  branch  (T,     The 

*  D.R..P.  No.  10009,  October  19,  1879. 
^  U.S.  PaU  No.  612104,  October  11,  1898. 
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quantity   of    gas   entering   through   e   and   e     is    controlled   by  a 
regulator.^ 


sycutd      A 

Fia.  120. 
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Fig.  121. 


A   gas-fired   furnace  for  the  treatment  in   retorts   of  zinc   ores 
rich   in  lead  has   been    designed   by  Thum,  but  does  not  seem  to 

have  proved  satisfactory  in  prac- 
tice. The  retorts  of  these 
furnaces,  shown  in  Fig.  122,  lie 
at  a  steep  angle,  and  are  open  at 
both  ends.^  They  are  charged 
from  below  and  closed  at  their 
bottom  end  by  a  clay  plug.  The 
lead  collects  in  the  bottom  p>r- 
tions  of  the  tubes  C,  whilst  the 
zinc  vapours  escape  at  the  upper 
ends  and  are  there  condensed  by 
means  of  suitable  adapters.  The 
gases  generated  in  the  producers 
enter  the  furnace  through  the 
flue  V  by  means  of  a  slot  y, 
and  here  mix  with  air  entering 
i8Pt  through  the  slots  x;  the  products 
of  combustion  escape  through  the 
flue  z  into  the  flue  t,  whilst  the  air 
entering  through  the  flues  r  is  heated  by  the  gases  escaping  through 
the  former.  Furnaces  with  inclined  retorts  open  at  the  lower  end, 
1  StoUel,  MetaUurgic,  p.  799  ;  Berg-  uiui  HiUtenm,  Ztg  1875,  p.  1.         «  Ibid, 
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which  allow  the  lead  to  flow  away  continuously,  have  been  devised  by 
Schneider.^  Holstein  has  described  furnaces  with  only  one  retort,  from 
the  lower  end  of  which  the  lead  can  be  tapped.^  Nothing  is  "known  as 
to  the  application  of  these  furnaces. 


Gas-fired  Furnaces  xvith  Regenerators 

To  this  class  belong  the  furnaces  of  Siemens,  Neureuther,  Ferraris, 

Dor,  and  Convers  and  de  Saulles.     Belgian  furnaces  fired  on  the 

Siemens  principle  were 

for  a  long  time  but  ex- 
ceptionally used,  since 

the  working  results  did 

not  come  up  to  antici- 
pation.   Only  recently 

has   their    application 

become  more  extended. 

Thus  they  are  used  at 

many    Belgian    works 

in  place    of    the    old 

furnaces    with     grate 

firing.      At    Overpelt, 

Prayon  and  Engis  they 

are  in  use,  each  furnace 

having     240      retorts 

in  a   block.      In    the 

United     States    they 

have  been  constructed 
at  Rich  Hill,  Pittsburg, 
and  Peru,  though  only 
in  Peru  have  they  con- 
tinued working.  The 
construction  of  an 
older  Belgian  furnace 
on  the  Siemens 
principle  is  shown 
in  Figs.  123  and  124. 
The  furnace  is  double ;  r,  r  are  the  retorts,  W,  W  the  regenerators. 
The  external  pair  of  regenerators  are  gas  regenerators,  the  inner 
r>nes  air  regenerators.     The  gas  and  air  mix  in  the  chambers  P,  the 

*  U.S.  Pat.  No.  605802,  June  U,  1818. 

«  U.S.  Put.  No.  654185,  February  14,  1896. 
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burning  gases  ascend  one  shaft,  descend  through  the  other,  and 
traverse  the  regenerators  lying  below  the  latter  on  their  way  to  the 
stack.  After  a  certain  interval — about  half  an  hour — the  direction 
of  the  air  and  gas  currents  is  reversed.  The  burning  gases  then 
ascend  in  the  second  shaft  and  descend  in  the  first,  escaping  to  the 
stack  through  the  second  pair  of  regenerators.  The  gas  current  is 
reversed  by  the  valve  w  (Fig.  124),  which  alternately  connects  the 
entering  gases  with  one  of  the  gas-flues  x  and  the  products  of 
combustion  with  the  flue  2:  leading  to  the  stack.    A  similar  reversing 
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valve,  not  shown  in  the  figure,  serves  to  reverse  the  air  current  as 
required.  Such  a  furnace  with  120  retorts  on  either  side,  10  tier? 
of  which  are  charged  and  1  blank,  is  in  use  at  the  works  of  the 
Illinois  Zinc  Company  at  Peru,  near  La  Salle. 

Arrangement  of  the  retorts  into  separate  groups  has  been 
proposed  by  the  Aciicngcsellschaft  filr  Glas-industrie  (late  Friedrich 
Siemens)  in  Dresden,^  the  gas  and  air  inlets  being  in  the  furoact 
bed  at  one  side,  and  the  outlets  for  the  products  of  combustion  at 

»  D.  R.-P.  No.  50917. 
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the  other  side  of  the  furnace ;  this  arrangement  is  said  to  give 
better  firing  resultiS  from  the  freer  expansion  of  the  flame,  and  it  has 
advantages  also  when  solid  fuel  is  used. 

The  furnace  of  Neureuther^  (Fig.  125)  is  an  improved  Siemens 
furnace,  differing  from  the  latter  in  that  the  mixed  gas  and  air, 
instead  of  entering  under  the  lowest  tier  of  retorts,  is  distributed 
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by  flues  in  the  middle  wall  of  the  furnace  and  comes  into  the 
furnace  in  several  streams  at  different  heights.  This  arrangement 
is  said  to  produce  a  more  uniform  heating  of  the  retorts. 

The  furnace  of  Ferraris  has  only  air  regenerators,  and  is  divided 
into  two  parts  by  a  wall  running  along  the  longitudinal  axis.  Each 
division  is  traversed  lengthways  by  the  burning  gas,  and  as  the  current 
is  reversed  from  time  to  time,  the  furnace,  even  at  the  ends,  becomes 
uniformly  heated.  There  are  two  air  regenerators  under  each  furnace 
division  through  which  the  burnt  gas  and  the  air  piss.  Each  re- 
1  U.S.  Pat.  Jan.  22,  1901,  No.  666390. 
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generator  is  divided  into  two  compartments  by  a  horizontal  partition, 
and  through  these  pass,  alternately,  the  burnt  gases  downwards,  the 
air  for  combustion  upwards.  The  producer  gas  leaves  the  producer 
hot  through  a  suitably  lined  pipe,  and  is  further  heated  by  passing 
through  flues  in  the  middle  wall  of  the  furnace ;  it  then  reaches  al- 
ternately each  end  of  the  furnace,  whence  it  passes  into  the  fiimace 
itself  through  a  row  of  inlet  holes  in  the  corresponding  half  of  the 
furnace  division.  The  gas  mixes  with  air  heated  in  the  regenerator, 
and  the  buniing  mixture  is  drawn  the  length  of  the  furnace,  and 
escapes  through  the  regenerator  into  the  stack.     After  an  interval 
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Fig.  127. 


of  time  the  stream  of  gas  is  reversed.    The  furnace  has  180  retortvs 
in  one  block,  and  works  oflf  6  to  7  tons  of  calcined  ore  in  24  hours. 

The  fui*nace  of  Dor  has  the  regenerators  at  both  ends  of  the  fur- 
nace.^ That  of  Convers  and  De  Saulles  ^  has  only  an  air  regenerator. 
The  construction  of  the  latter  is  shown  in  Figs.  126 — 130,  of  which 
Fig.  126  represents  a  vertical  section  along  the  line  //of  Figs.  128 
and  129  ;  Fig.  127  a  longitudinal  section  through  the  regenerate  »r 
along  the  line  VVof  Fig.  129  ;  Fig.  128  a  horizontal  section  along  the 
line  Hff  of  Fig.  126  ;  Fig.  129  a  vertical  section  along  the  line  ///,  /// 
of  Fig.  129  ;  and  Fig.  130  a  vertical  section  along  the  line  IV,  IV  oi 
Figs.  128  and  129.     The  scale  in  Figs.  128—130  is  nearly  half  that 


»  Brit.  Pat.  No.  22694,  1891. 


2  U.S.  Pat.  No.  712502,  November  4,  191H- 
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of  the  others.  The  producer  gas  passes  from  the  generators  through 
the  flue JT and  the  upright  flue  /into  the  flues  JJemd  d  (Fig.  129) 
into  the  furnace.  The  air  for  combustion  passes  through  the  flue  £ 
and  those  beneath  it,  D,  and  from  these  into  the  upright  channels  of 

the  regenerator  in  which  it  is  pre- 
heated by  the  products  of  combustion 
escaping  from  the  furnace.  The  heated 
air  passes  next  into  the  upper  chamber 
of  the  regenerator  F  F  and  is  led 
through  the  flues  G,  and  the  sloping 
branches  leading  from  these,  to  the 
openings  into  the  furnace  C.  These 
openings  serve  alternately  for  the  ad- 
mission of  air  and  gas  (Fig.  127). 
The  products  of  combustion  leave  the 
furnace  at  A  and  are  led  through  the 
flues  K  and  L  into  the  horizontal  pas- 
sages of  the  two  regenerator  chambers 
jfi^,  which  they  traverse  in  the  direction 
of  the  arrows  (Fig.  127).     Thence  they 
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^*scape  into  the  stack  through  the  flue  M,  The  gas  gets  strongly 
heated  in  the  flues  e/e/,  which  are  kept  at  a  red  heat.  These  furnaces 
''^^^  said  to  yield  good  results.^ 

4. — Furnaces  fired  xoith  Kakcral  Gas 

These  are  in  use  in  Jola  and  Cherry  vale,  Kansas,  and  Marion, 
Indiana,  in  the  United  States.^     In  Cherryvale  draught  is  produced 
'  IngalU,  op,  cit.  p.  472.        «  The  Mineral  Industry,  1900,  p.  651  ;  1902,  p.  667. 


160 


METALLURGY 


by  chimDeys.  The  furnace  is  double,  each  half  holding  100  retorts 
arranged  in  5  rows  of  20  each.  Gas  is  led  in  through  iron  pipes 
under  4  ounces  pressure,  and  traverses  the  furnace  from  end  to  end, 
escaping  at  the  end  opposite  to  the  inlet.  In  Jola  artificial  draught 
has  superseded  draught  produced  by  stacks.  The  furnaces  are 
double,  and  contain  in  all  600  to  660  retorts,  which  are  disposed  in 
5  rows  of  60  to  66  in  each  half.     The  arrangement  of  these  furnaces 
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is  similar  to  that  of  the  newer  furnaces  at  La  Salle,  the  gas  being  led 
in  at  4  to  6  ounces  pressure  through  branch  tubes  from  the  main 
pipe.  The  inlet  holes  are  arranged  at  different  positions  along  the 
front  of  the  furnace,  where  the  gas  is  mixed  and  bums  with  air 
supplied  by  a  blower. 

The  arrangement  of  the  newest  furnaces  at  Jola  is  shown  in 
Figs.  131  and  132.^     Fig.  131  represents  a  vertical  section  through 

^  Ingalls,  op.  cit.  p.  481. 


ZINC 


161 


the  furnace,  the  left  half  of  the  cut  being  through  the  pillars  and 
the  gas  and  air  pipes,  and  the  right  half  through  the  middle  of  the 
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furnace  between  two  pillars.     Fig.  132  is  a  view  of  the  front  of  the 
furnace,    without   the   retorts.     The   gas   is   driven  under  pressure 
through  wrought-iron  pipes  into  the  horizontal  pipes  a,  which  run 
VOL.  U  M 
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the  length  of  both  halves  of  the  furnace,  and  are  connected  to 
the  upright  pipes  z  coming  from  the  regulators.  Thence  it  passes 
through  the  upright  pipes  h  and  the  horizontal  pipes  g  into  the 
furnace.  The  air  enters  through  inlet  holes  and  passes  through  the 
pipe  h  and  its  branches  i  and  k  into  the  furnace.  The  retort  residues 
are  shot  down  the  channels  w  into  a  tunnel  under  the  furnace. 

The  double  furnaces  at  the  works  of  the  Lanyon  Zinc  Co.,  built 
on  the  pattern  of  the  Jola  furnaces,  have  400  tubes  arranged  in  5 
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tiers  of  40  each  on  either  side.  They  are  said  to  have  given  goocl 
results. 

All  these  furnaces  have  movable  shields  to  protect  the  workmen 
during  charging  and  emptying  the  retorts  and  removing  the  zinc  frinn 
the  adapters,  so  as  to  facilitate  these  processes. 

The  construction  of  a  Chapman  shield  or  protector  as  used  in  thv 
Jola  region,  is  shown  in  Figs.  133 — 136,  the  front  view  being  repn- 
sented  in  Fig.  133  and  the  side  view  in  Fig.  134.  This  applianoJ 
consists  of  two  upright  plates  D  ly  made  of  steel  or  sheet  iron,  lt>etwei*n 
which  hangs  on  bearings  a  ladle  with  two  lips.  This  can  be  moved  n]' 
and  down,  and  serves  to  collect  the  molten  zinc.  The  shield  can  K 
moved  along  the  front  of  the  furnace,  being  hung  for  this  purpose  i»t 
two  wheels  which  run  along  the  rail  B,  Movement  is  imparted  bt 
turning  the  handwhecl  «/,  which  is  connected  by  a  chain  to  one  <J 
these  wheels.  The  lower  end  of  the  shield  is  kept  at  a  suitable  distaiici 
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bom  the  furnace  by  means  of  the  horizontal  rod  F  and  a  roller  fastened 
to  it  which  works  under  a  horizontal  rail.  The  appliances  for  raising 
and  loweriug  the  ladle  by  means  of  the  chain,  wheel,  and  roller  are 
shown  in  Fig.  133.  To  guide  the  ladle,  there  are  rollers  at  the  end 
of  the  lever  M  which  work  in  corresponding  slots  in  the  platea 
When  the  lever  is  depressed,  during  the  luising  and  lowering  of  the 
ladle,  the  latter  is  drawn  so  far  back  that  it  does  not  come  in  contact 
with  the  ends  of  the  retorts  (Fig.  135).  During  the  pouring  of  the 
zinc  from  the  adapters,  the  ladle  is  in  the  position  shown  in  Fig.  136. 
When  full  of  zinc  the  ladle  can  be  tipped  by  turning  a  handwheel 
which  actuates  a  rack  and  pinion.  The  ladle  can  be  removed  from 
the  shield  when  the  residues  are  withdrawn  from  the  retorts. 

Lanyon  has  patented  another  shield,  for  which  see  U.S.  Patent 
No.  621577,  March  21,  1899. 

Mixing  the  Charge 

As  already  stated,  the  ores,  when  various  kinds  are  on  hand,  are 
so  combined  that  the  impurities  thereof  unite  to  form  compounds 
which  shall   neither  melt  nor   form   fusible   compounds  with  the 
material  of  the  retorts  at  the  tempemture  of  distillation,  whilst  a 
moderately  high  output  of  metal  shall  result.     Silicate  of  zinc  needs 
no  special  additions,  because  when  finely  ground  it  is  reducible  by 
coal  alone.     Blende,  silicate   of  zinc,  and  zinc-bearing  residues  are 
charged  in  the  form  of  fine  powder ;  calamine,  on  the  other  hand, 
which  is  easily  reducible,  in  coarser  grains.     According  to  their  zinc 
contents,  these  ores  are  mixed  with  from  40  to  60  per  cent,  of  theii- 
weight  of  lean  coals,  or  small  coke,  or  a  mixture  of  equal  portions  of 
coal  and  coke.     Gassy  coal  should  be  avoided,  because  some  heat  is 
absorbed  in  driving  oflF  the  gas,  and  because  the  gases  evolved  dilute 
the  zinc  vapours,  and  thus  make  the  condensation   of  zinc  more 
difficult.     Blende   being  more   difiicultly  reducible  than   calamine, 
requires  a   larger  admixture   of  coal.     The   ground  materials  are 
either  mixed  in  troughs,  or  else  in  pug  mills,  or  by  means  of  rollers,  in 
which  last  case,  as  in  North  America,  a  re-crushing  of  the  mixture 
takes  place.     The  charge  is  slightly  moistened  to  prevent  its  being 
blown  out  from  the  retorts  by  the  gases  evolved  at  the  commence- 
ment of  distillation.     Binon  and  Grandfils  prefer  to  mix  the  charge 
with  tar  and   press   it  into  blocks  before  introducing  it  into  the 
retorts.     Schulte  ^  mixes  the  ore  with  3  to  5  per  cent,  of  tar  before 
aiding  the  coal. 

1  U.S.  Pat.  No.  118222,  January  13,  1903. 
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The  Process  of  Distillation 


When  a  furnace  is  to  be  started,  it  is  gently  fired  for  some  dap 
with  empty  retorts ;  afterwards  the  retorts  are  charged,  and  the  heat 
gradually  increased.    The  first  charges  are  light,  and  are  gradually 
increased,  until  at  the  end  of  14  days  the  normal  rate  of  working 
has  been  attained.     The  charges  are  introduced  into  the  retorts,  after 
the  adapters  have  been  removed,  by  means  of  a  scoop  shaped  like  a 
semi-cylinder  attached  to  the  end  of  a  long  rod.     The  retorts  which 
are  exposed  to  the  greatest  heat  receive  heavier  charges  than  those 
less  strongly  heated.     The  latter  are  charged  with  easibly  reducible 
substances  such  as  zinc  fume  and  zinc-bearing  residues,  as  also  with 
poor  ores  that  sinter  readily.     In  modern  furnaces  the  average  charge 
of  a  retort  amounts  to  63  lb.  of  ore.     After  the  retorts  have  been 
charged,  the  adapters  with  their   supports    are    attached    and   the 
space  between  the  adapter  and  retort  is  luted  with  clay.     Some  time 
after  the  retorts  have  been  charged,  a  flame  of  burning  carbon  mon- 
oxide escapes  from  the  adapters,  which  shows  after  some  time  the 
brilliant  light  of  burning  zinc  vapours.     As  soon  as  this  phenomenon 
is  perceived,  nozzles  are  attached  to  the  adapters  in  order  to  avoid 
loss  of  zinc.     Although   the   adapters  rapidly  attain  the  necessarv' 
temperature,  no  fluid  zinc  condenses  in   them  at   first,  zinc  oxide 
being   formed   in   consequence   of    the   carbon   dioxide   and   water 
vapour  present  in  the  gases.     Moreover,  on  account  of  their  great 
dilution  the  vapours  of  zinc  do  not  condense  to  a  liquid,  but  fonn 
fume.     It  is  only  after  the  above-named  gases  have  disappeared  that 
the  zinc  vapours  begin  to  condense  to  liquid  zinc.    If  the  furnace  worki? 
too  hot,  whereby  the  formation  of  considerable  quantities  of  zinc  fume 
in  the  nozzles  is  caused,  due  to  imperfect  condensation  of  vapours  in 
the  adapters,  a  few  small  holes  are  made  in  the  clay  luting.     The  zinc 
condensed  in  the  adapters  is  removed  either  several  times  during  the 
process,  or  only  once  after  its  completion.     In  this  case  the  nozzlt> 
are  removed  from  the  adapters  and  the  zinc  is  drawn  by  means  of  a 
rake  out  of  the  adapters  into  ladles  held  beneath  them,  from  which 
it  is  cast  in  iron  moulds  into  slabs  weighing  40  to  44  lb.,  the  suriai\ 
of  the  zinc  being  first  skimmed.     The  time  of  distillation  dependj^ 
upon  the  size  of  the  retorts  and  of  the  furnaces,  upon  the  position  i*\ 
the  retorts  in  the  latter,  and  also  upon  the  reducibility  of  the  charL^t 
and  averages  between  12  and  24  hours.     After  its  conclusion,  th*: 
adapters  are  removed  and  the  residues  remaining  in  the  retorts  ajt 
drawn  out  by  means  of  suitable  rakes.     After  any  accretions  ha\t 
been  removed,  the  retorts  are  charged  again.     Damaged  retorts  ar^ 
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changed  aft^r  the  conclusion  of  the  distillation.  The  time  occupied 
in  charging,  clearing  the  retorts,  repairing  the  latter,  and  replacing 
damaged  retorts,  depends  upon  the  size  of  the  furnace  and  the 
number  of  retorts  it  contains. 

The  same  conditions  control  the  number  of  men  required  at  the 
furnace.  For  modem  Belgian  furnaces,  the  retorts  of  which  contain 
on  an  average  63  lb.  of  ore,  one  man  is  reckoned  to  every  14  retorts 
per  24  hours,  or  in  the  case  of  the  newer  furnaces,  one  man  for  25  to 
»i3  retorts  during  the  cycle  of  operations  (charging  and  withdrawing).^ 
The  extraction  of  1  ton  of  zinc  from  ores  containing  50  per  cent,  of 
metal  requires  5*8  men  per  24  hours.  The  charge  of  a  furnace 
depends  upon  the  number  of  retorts  in  it,  and  varies  between  8  cwts. 
and  several  tons  of  ore.  The  consumption  of  fuel  varies  with  the 
quality  of  the  coal  and  the  method  of  firing,  between  H  and  2  tons  for 
each  ton  of  ore.  The  durability  of  the  retorts  depends  upon  the 
(piality  of  the  materials  employed  and  upon  the  method  of  manu- 
facture. Modern  retorts  made  by  hydraulic  pressure  last  at  present 
upon  an  average  40  days.  The  loss  of  zinc,  which  was  formerly  up  to 
27  per  cent,  of  the  contents  of  the  ore,  varies  with  modem  furnaces 
between  10  and  15  per  cent. 


Examples  of  Zinc  Extraction  in  Retort  Furnaces 

The  commercial  results  attained  with  modem  furnaces  fired  by 
gas  are  far  more  favourable  than  in  the  case  of  the  older  furnaces. 
For  the  production  of  1  ton  of  zinc  from  ores  containing  50  per 
(vnt  of  metal,  3  to  4  tons  of  coal  for  heating  and  reduction,  and 
4  cwts.  of  clay  are  required,  2'5  per  cent,  of  the  retorts  being  des- 
troyed daily.  With  the  oldest  furnaces  7  to  8  tons  of  coals  were 
Consumed  for  each  ton  of  zinc.  The  zinc  losses  amount  to  10  to  15 
l>er  cent.* 

The  double  furnaces  at  the  works  of  the  Vieille  Montagne  Com- 
pany at  Angleur  contain  100  retorts  on  either  side,  a  block  of 
furnaces  containing  400  retorts.  They  are  fired  by  means  of  gas  and 
hot  air.  Elach  retort  receives  a  charge  of  66  lb.  of  ore  and  26*5  lb. 
af  coal,  and  produces  in  24  hours  from  26  to  33  lb.  of  zinc,  together 
with  a  certain  quantity  of  zinc  fume.  For  the  extraction  of  1  ton  of 
sine  3*5  to  4'5  tons  of  coal  are  consumed  for  fuel  and  reduction.     The 

*  Ingalls,  op.  cil.  p.  516. 

-  For  further  information  see  Firl(et,  AnnalnH  des  MineJi  de  Beiyiqtie,  1901.     VI. 
L  and  U.). 
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loss  of  metal  amounts  to  15  per  cent. ;  the  retorts  last  from  a  fort- 
night to  four  months,  according  to  their  position  in  the  furnace  and 
the  care  used  in  their  manufacture.  A  furnace  lasts  two  to  three 
years.^  The  newest  furnaces  contain  320  elliptical  retorts  arranged 
in  4  tiers. 

Of  the  older  types  of  furnace,  the  Liege  furnace  with  70  retorts 
fired  by  means  of  a  grate,  and  the  grate-fired  double  furnaces  with 
92  retorts  of  the  Nouvelle  Montagne,  at  Prayon,  may  be  mentioned, 
the  results  quoted  having  been  obtained  in  the  seventies.  The 
Li^ge  furnace  was  5  feet  deep,  8  feet  6  inches  broad,  and  9  feet  10 
inches  high,  and  contained  70  retorts  each  3  feet  3  inches  long,  with 
9h  inches  outside  and  7^  inches  inside  diameter,  and  treated  in  24 
hours  26  cwts.  of  charge  with  a  consumption  of  14  cwts.  of  coal  for 
reduction  and  2  tons  of  coal  for  fuel,  the  ores  containing  47  to  48  per 
cent,  of  zinc.  The  output  of  a  furnace  per  24  hours  amounted  to  9] 
to  9^  cwts.  of  zinc ;  the  loss  of  zinc,  including  that  left  in  the  resi- 
dues, amounted  to  18  per  cent.  Residues  containing  more  than 
6  per  cent,  of  zinc  were  concentrated  by  dressing,  and  then  treated 
either  in  the  upper  retorts  of  a  Belgian  furnace  for  the  extraction  of 
zinc,  or  in  a  reverberatory  furnace  for  the  production  of  zinc  white. 
The  double  furnace  of  the  Nouvelle  Montagne  Company,  at  Prayon,- 
with  92  retorts,  already  described,  was  charged  with  8  cwts.  of 
ore  (calamine  and  blende)  containing  40*32  per  cent,  of  zinc,  160  lb. 
of  rich  residues  from  the  zinc  works,  such  as  zinc  fume  and  skim- 
mings, and  366  lb.  of  coal  for  the  reduction,  during  the  day  shift. 
On  the  night  shift  the  furnace  worked  hotter  and  was  charged  with 
10  cwts.  of  ore.     The  charge  was  distributed  as  follows  : — 

lb.  of  ore.  lb.  of  coaL  lb.  of  residues. 

Retorts  of  the  l^ottom  tier   .    .        .    .          344  ^4                    — 

Retorts  of  the  third  tier 374  6                      — 

Retorts  of  the  fourth  tier 16|  8                        6^ 

Retorts  of  the  sixth  tier 11  11                      11 

Charging  the  retorts  occupied  Sj  hours.  The  residues  left  aft^^r 
distillation  in  the  upper  retorts  contained  on  an  average  9*15  per 
cent,  of  zinc,  those  in  the  middle  tiers  467  per  cent,  of  zinc,  and 
those  in  the  lower  tiers  2*28  per  cent.  The  loss  of  zinc  amounted  iv 
11*28  per  cent.  The  retorts  in  the  topmost  row  lasted  for  90  days. 
those  in  the  bottom  row  only  for  6  days.  The  furnace  canipaigii 
lasted  150  to  180  days.  As  will  be  seen,  these  older  retort  fumaoei^ 
fired  by  means  of  grates  were  markedly  inferior  to  the  modem 
furnaces  both  as  regards  their  durability  and  capacity,  and  have  been 

^  Bull,  de  la  Soc.  de  I' Industrie  Min.,  1888,  p.  505.  »  Massart,  loc.  cii. 
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to  a  great  extent  replaced  by  the  latter.  The  larger  furnaces,  fired  by 
gas,  should  therefore  be  preferred  as  a  rule  to  the  smaller  grate-fired 
furnaces.  (Firket,  op,  cU.)  The  efficiency  of  the  older  Belgian 
fnrnaces  in  use  in  England  has  already  been  given.  The  Ferraris 
furnace  at  Monteponi  has  180  retorts,  in  which  6  to  7  tons  of  calcined 
calamine  are  worked  off  in  24  hours.^ 

The  zinc  works  in  the  Eastern  States  of  North  America  (Bergen 
Port,  Passaic  Works,  Newark  and  Bethlehem)  employ  Belgian  fur- 
naces with  Wetherill  grates  burning  anthracite.^  The  following  is  an 
account  of  the  process  as  practised  there  towards  the  end  of  the 
seventies.  At  the  Bergen  Port  Zinc  Works,  New  Jersey,  where 
calcined  blende  containing  26  per  cent,  of  oxide  of  iron  was  treated, 
the  furnace  contained  70  retorts.  Each  furnace  could  put  through 
3,175  lb.  of  calcined  blende  with  1,900  lb.  of  anthracite  for  re- 
duction, in  24  hours,  with  a  consumption  of  2^  tons  of  anthracite 
for  fuel.  The  loss  of  zinc  varied  from  24  to  26  per  cent.  The  two 
topmost  tiers  of  retorts  were  only  charged  once  in  24  hours,  the  five 
lower  tiers  twice.  The  condensed  zinc  was  removed  six  times  in  24 
hours  from  the  adapters.  The  consumption  of  coal  per  ton  of  zinc 
aoiounted  to  5*5  tons  for  heating  and  1*9  for  reduction,  or  altogether 
7*4  tons.  Every  24  hours  five  retorts  were  destroyed  per  furnace,  or 
71  per  cent.  The  reason  of  the  comparatively  great  consumption  of 
fiiel  and  of  retorts,  together  with  the  high  loss  of  zinc,  was  caused  by 
the  large  percentage  of  iron  in  the  charge.  The  furnace  campaigns 
lasted  about  a  year. 

At  the  Passaic  Zinc  Works,  in  Jersey  City,  the  furnaces  also 
contained  70  retorts  each.  The  charge  for  the  furnace  consisted  of 
27  cwts.  of  a  mixture  of  willemite  and  calamine.  The  three  lower 
rows  were  charged  twice  in  24  hours,  the  remaining  ones  only  once, 
lu  24  hours  10  cwts.  of  zinc  were  produced,  with  a  consumption  of 
2J  tons  of  coal  for  fuel.  The  extraction  of  zinc  amounted  to  80  per 
cent,  of  the  contents  of  the  ore.  One  ton  of  zinc  required  4*5  tons  of 
coal  for  fuel  and  1*3  tons  for  reduction,  or  a  total  of  5*8  tons.  In  24 
hours  6*4  per  cent,  of  the  number  of  retorts  in  the  furnace  was 
destroyed.  A  furnace  campaign  lasted  two  years.  The  furnaces  at 
present  contain  216  to  252  retorts.' 

At  the  Lehigh  Zinc  Works,  near  Bethlehem,  Pennsylvania,  the 
furnaces  contain^  56  retorts,  and  held  a  charge  of  one  ton  of  ore,  con- 
sisting of  a  mixture  of  calamine  and  blende.     The  topmost  row  of 

»  The  Mineral  Induntry,  1902,  p.  670. 

«  Strecker,  Jahrh.  d,  K.  K,  Bergak.,  1879,  p.  282. 

'  logalls,  op.  cit,  p.  656. 
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retorts,  containing  zinc  fume  and  skimmings,  was  only  c^jarged  once 
in  24  hours,  the  six  lower  rows  twice.  For  one  ton  of  ore  1"8  toni 
of  coal  were  consumed  as  fuel.  The  production  of  zinc  amounted  tc 
73*5  per  cent.  For  each  ton  of  zinc  4*5  tons  of  coal  as  fuel  and  I'V 
tons  of  coal  for  reduction,  or  a  total  of  6*2  tons  of  coal,  were  required 
37  per  cent,  of  retorts  were  destroyed  daily.  The  furnace  campaign.^ 
lasted  for  15  months.^     The  yield  of  zinc  was  82  per  cent. 

At  the  Bertha  Works,  near  Pulaski  in  the  State  of  Virginia,' 
which  produce  zinc  well  known  for  its  purity  and  freedom  from  lead 
(Zn  99*981  per  cent.,  Fe  0*019  per  cent.),  the  ore  treated  being  cala 
mine  free  from  lead,  there  are  10  modified  Belgian  furnaces  fired  hy 
grates,  each  of  which  contains  140  retorts,  of  oval  cross-section 
having  a  length  of  4  feet,  the  larger  diameter  being  10  inches  anc 
the  smaller  being  8  inches  in  the  clear.  Long-flamed  Pocahontiis 
coal  is  used  as  fuel,  anthracitic  coal  for  the  purpose  of  reductioii 
The  charge  of  a  furnace  consists  of  4*25  tons  of  calcined  ore  and  3  ton: 
of  coal.  The  distillation  occupies  24  hours,  the  output  of  zinc  bein^ 
80  per  cent.     Five  men  work  a  furnace  in  24-hour  shifts. 

At  the  works  of  the  Matthiesen  and  Hegeler  manufacturing 
Company  at  La  Salle,^  there  were  towards  the  end  of  the  seventitJ 
two  forms  of  gas-fired  furnaces,  namely,  small  double  furnaces  witl 
136  retorts,  and  a  large  double  furnace  with  408  retorts.  Tht 
producers  were  provided  with  oblique  grates  built  of  fire-brick.  Th< 
bricks  were  supported  upon  cast-iron  bearers,  the  necessary  space  f(>] 
the  admission  of  air  being  left  between  them.  This  arrangement  i: 
necessitated  by  the  fact  that  the  only  available  coal  is  very  apt  t< 
clinker.  There  were  five  tiers  of  retorts  in  all  the  furnaces.  Thi 
uppermost  row  consisted  of  the  retorts  with  rectangular  cross-sec tior 
described  on  page  151,  which  take  a  charge  two  or  three  times  as  gre^i 
as  that  of  the  regular  retorts.  The  furnaces  were  divided  into  sections 
which  contain  4  tiers  of  7  cylindrical  retorts  and  1  row  of  6  prismatii 
retorts  each.  The  smaller  furnaces  have  two  of  these  divisions  or 
either  side,  the  larger  six ;  the  topmost  row  against  which  the  flame 
strikes  was  first  charged  with  blende,  the  second  and  third  with  cala 
mine,  and  the  lowest  with  zinc  fume  and  residues  rich  in  zinc.  Thi 
output  of  the  large  double  furnaces  amounted  to  5  to  6  tons  of  zinc 
per  24  hours.  The  loss  of  zinc  was  18  per  cent. ;  the  destructior 
of  retorts  amounted  to  25  per  cent.  At  present  the  largest  doubli 
furnaces  contain  448,  864,  and  1008  retorts.* 

The  gas-fired  furnaces  of  the  Missouri  Zinc  Company,  in   St 

*  Iiigalla,  loc.  cit.  •  Eng.  and  Min.  Joum.  1893,  vol,  Ivi,  No,  *>>, 

•  vStrecker,  loc.  cif,  *  IngalU,  o/).  cit. 
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Lniis,'  contain  160  retorts  each.  They  are  charged  with  calcined 
silicate  of  zinc,  the  weight  of  which  in  the  raw  state  amounts  to 
41  tons.  The  amount  of  coal  employed  for  the  reduction  of  this 
charge  is  31  "5  cwt,  8  tons  of  coal  being  consumed  as  fuel.  The 
output  of  zinc  is  equal  to  70*71  per  cent.  For  each  ton  of  zinc 
44  tons  of  coal  are  used  as  fuel.  The  destruction  of  retorts  is 
considerably  less  than  it  is  in  direct-fired  furnaces.  The  Jola 
furnaces,  which  are  fired  with  natural  gas,  contain  600  to  660  retorts, 
put  through  10*8  to  11*8  tons  of  ore,  mixed  with  40  to  50  per  cent, 
of  coke  and  lean  coal,  in  24  hours.* 
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I  II.— Zinc  Dlstillation  in  Muffles,  or  the  Silesian  Process 

This  form  of  distillation,  as  already  stated,  is  carried  out  in 
i  reverberatory  furnaces  in  which  muffles  are  arranged.     The  gaseous 
^  zinc  thus  produced  is  condensed  in  adapters  of  various  forms  attached 
to  the  muffles. 

Muffles 

The  muffles,  as  previously  stated,  generally  assume  the  shape  of 
prismatic  boxes,  with  an  arched  top.  In  some  instances  they  con- 
sist of  oblong  boxes  flat  on  top,  with  rounded 
edges.  The  rear  side  is  closed  whilst  the 
fnint  remains  open.  During  the  distillation 
the  lower  half  of  the  latter  is  closed  by 
means  of  a  fireclay  slab,  whilst  the  upper 
portion  is  closed  by  the  end  of  the  adapter, 
which  is  luted  on  tightly  with  clay.  The 
front  end  of  the  adapter  rests  upon  a  step 
supported  on  either  side  by  projections  from 
the  longer  walls  of  the  muffle.  If  the 
front  end  of  the  adapter  is  tube-shaped, 
the  upper  half  of  the  muffle  must  be 
closed  by  means  of  a  slab  of  clay,  provided 

with  a  short  cylinder  into  which  the  end  of  the  adapter  fits.  The 
front  end  of  the  muffle  and  the  upper  plate  with  its  short  cylinder 
are  shown  in  Figs.  137  to  139.  As  has  been  stated  above,  the 
muffles  are  generally  26  inches  high  in  the  clear,  6  to  8  inches  wide, 
and  28  inches  to  7  feet  long.  If  the  entire  bottom  of  the  muffle 
is  supported,  its  length  may  be  as  much  as  7  feet.  If,  however,  it  is 
*  Strecker,  loc,  cU,  ,  2  JngaUs,  op,  cit,  p.  652, 
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only  supported  at  the  front  and  back  ends,  its  length  must  not 
exceed  4  feet.  The  bottom  and  sides  of  the  larger  muffles  are  made 
thicker  at  the  back  than  in  front.  In  Upper  Silesia,  for  instance,^ 
the  thickness  of  the  walls  increase  from  the  front  to  the  rear  portion 
of  the  muffle  from  08  to  1*2  inches  in  the  arch,  and  the  thickness  of 
the  bottom  from  08  to  2*5  inches.  The  material  from  which  the 
muffles  are  manufiwjtured  is  a  mixture  of  raw  and  burnt  clay,  the 
latter  of  which  may  be  replaced  in  part  by  fragments  of  muffles. 
The  composition  of  suitable  varieties  of  clay  has  already  been  given 
on  page  115. 

In  Upper  Silesia,  where  only  big  muffles  are  employed,  these  are 
made  by  hand.  Where  small  muffles  only  are  in  use,  as  in  distillation 
in  Rhenish- Westphalian  furnaces,  machinery  is  used  for  their  manu- 
facture. When  made  by  hand,  muffles  are  made  either  vertically  or 
horizontally.  When  vertical  muffle  moulds  are  employed,  the  latter 
generally  consist  of  three  sections  fastened  together  by  means  of 
hooks  and  eye  bolts.  As  in  the  manufacture  of  retorts,  the  back 
portion  of  the  muffle  is  first  shaped  in  the  bottom  portion  of  the 
mould,  the  second  section  is  then  attached  to  the  first  and  the  middle 
of  the  muffle  is  shaped  in  it,  and  then  the  front  section  is  attached 
to  the  former  portion  and  the  rest  of  the  muffle  moulded  in  it. 
Finally,  the  projections  to  carry  the  step  at  the  front  portion  of  the 
muffle  are  attached.  The  various  slabs  of  clay  are  fastened  to  each 
other,  as  in  the  case  of  the  retorts,  by  scoring  the  portions  in  contact 
by  means  of  a  small  comb.  When  the  muffles  are  made  horizontally, 
as  in  Upper  Silesia,^  the  bottom  is  first  made  by  cutting  out  a  hollow 
in  a  prismatic  piece  of  clay  of  the  size  of  the  bottom  of  the  muffle, 
which  is  then  placed  in  the  lower  portion  of  the  muffle  mould.  Slabs 
of  clay  of  the  height  of  a  segment  of  the  mould  are  then  introduced 
and  united,  the  diagonally  cut  end  of  the  slab  being  scored,  moistened 
with  water,  and  then  pressed  against  the  correspondingly  cut  end  of 
the  next  piece.  The  slabs  of  clay  are  then  pressed  against  the  cor- 
responding portion  of  the  mould  and  beaten  down  with  an  iron  beater. 
This  process  is  continued  until  the  muffle  is  complete.  Generally 
four  or  five  muffles  are  commenced  simultaneously ;  the  advantage 
obtained  thereby  is  that  when  the  work  is  completed  the  muffle 
is  already  dry  enough  to  admit  of  the  mould  being  removed. 

Wernicke  prepares  muffles  with  the  bottom  uppermost,  by  beating 
the  clay  between  the  bottom  and  the  core.  This  method  has,  how- 
ever, not  found  extensive  application,  since  by  the  use  of  better 
materials,  muffles  are  now  made  with  thinner  walls  than  formerly, 

1  Georgi,  Berg-  unci  IliUtenm.  Ztg.  1877,  p.  72.  ^  Georgi,  loc,  cU. 
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and  beating  is  unsuitable  for  the  production  of  the  wall&  Although 
it  has  been  proposed  to  manufacture  Silesian  crucibles  by  machinery,^ 
yet  this  method  has  not  been  persisted  in,  as  such  muffles  have  not 
proved  satisfactory.  No  reasons  have  been  given  for  this.  The 
muffles  are  dried  standing  on  end  for  a  certain  time,  up  to  one  month, 
in  drying  chambers  heated  to  between  30°  and  33°  C,  then  glazed  if 
desired,  and  finally  kept  until  required  for  use  (up  to  a  period  of  12 
months)  in  drying  chambers  at  a  temperature  of  35°  C. 

Muffles  must  be  introduced   red-hot    into    the    furnace.      They 
are  therefore  previously  heated,  12   to  14  hours,  by  the  waste  heat 


j_jri 


Pios.  140-143. 

of  the  distillation  furnace,  or  in  special  reverberatory  kilns  provided 
with  grate  fires.  The  construction  of  such  a  furnace  is  shown  in 
FigH.  140  to  143.  Above  the  gi-ate  there  is  an  arch  pierced  with 
twelve  oj)enings,  through  which  the  flame  enters  the  heating 
chamber ;  the  latter  is  provided  with  a  door  lined  with  firebrick, 
which  can  be  raised  or  lowered  by  means  of  counteq^oises.  At  the 
Paul  Works,  ncixr  Rosdzin,  in  Upper  Silesia,  such  a  furnace  takes  12 
'  »St€ger,  Pretiss.  ZtiU.  fur  Berg-  wid  Hntlenm.  u,  Salineiiweften,  1900,  p.  419. 
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to  14  muffles  at  a  timo.     Their  heating  or  annealing  lasts  12  hours, 
5  cwts.  of  coals  being  consumed.    A  muffle  lasts  30  to  40  daya 

Condensers  or  Adapters 

These  are  of  various  shapes.  In  the  older  Silesian  furnaces  they 
consisted  of  a  bent  clay  pipe  composed  of  several  pieces  which  com- 
municated with  a  chamber  in  which  the  zinc,  condensed  in  the  pipe, 
accumulated.  In  the  newer  furnaces  they  are  given  the  form  of 
cylindrical  tubes,  or  of  cylindrical  tubes  bellied  below,  or  of  prismatic 
boxes  with  an  arched  top.  The  arrangement  of  the  adapter  for  the 
old  Silesian  furnace,  which  is  now  no  longer  employed,  is  shown  in 


FlO.   144. 


Fio.  145. 


Figs.  144  and  145.  In  the  former,  h  is  the  chamber  in  which  the 
fluid  zinc  solidifies;  in  the  latter  figure  a  is  the  upper  portion  of  the 
adapter  made  of  clay,  which  rests  upon  the  step  of  the  muflSe.  It 
has  an  aperture  at  d  which  can  be  closed  by  a  tile  ;  the  muffle  can  In? 
charged  through  this  aperture  by  removing  the  latter ;  J  is  a  tul>e 
made  of  cast-iron,  c  one  of  sheet-iron,  the  latter  entering  into  the 
collecting  chamber.  The  zinc  condenses  in  the  knee-shaped  tube, 
and  flows  through  the  vertical  portion  into  the  chamber.  The  employ- 
ment of  this  adapter  makes  it  necessary  to  re-melt  the  solidified  zinc, 
in  order  to  cast  it  into  moulds.  As  above  mentioned,  it  has  been 
replaced  by  other  forms  of  adapters.  Adapters  which  have  the 
shape  of  tubes  bellied  underneath  are  shown  in  Figa  146  and  147. 
The  fluid  zinc  collects  in  the  bellied  portion  and  is  raked  out  from  ii 
from  time  to  time ;  a  sheet-iron  cone  or  nozzle  is  attached  to  its  front 
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end  Inclined  cylindrical  tubes,  as  shown  in  Fig.  148,  are  also  used 
as  adapters.  In  this  case  their  front  end  is  closed  with  a  tile,  or  with 
an  iron  plate  clayed  over,  and  having  a  hole  through  the  centre. 
The  zinc  that  collects  in  this  adapter  is  allowed  to  run  into  an 
iron  ladle  held  in  front  of  it,  by  removing  or  loosening  the  plate ;  for 
this  purpose  the  clay  luting  which  connects  the  lower  portion  of  the 


Figs.  146  and  147. 


plate  to  the  adapter  is  gradually  loosened.  The  same  method  of 
closing  is  used  for  adapters  made  in  the  shape  of  prismatic  boxes. 
The  gases  escape  through  a  short  tube  projecting  from  the  front  slab 
into  a  nozzle.  In  order  to  condense  the  zinc  vapours  more  com- 
pletely, to  collect  zinc  fume,  and  to  avoid  the  injurious  effects  of  the 
gases  and  vapours  escaping  from  the  adapters,  these  have  received 
important  improvements  in  recent  times  in  Upper  Silesia.  Of  these 
new  adapters,  the  most  important  are  those  of  Kleemann  and  of 
Dagner. 

The  Kleemann  adapter  is  shown  in  Fig.  149,^  and  has  the  shape 
of  an  inclined  cylinder,  or  of  a  parallelopipedon,  or  of  a  prismatic 


Fia.  148. 
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Ixix  with  arched  roof  3  feet  3  inches  long,  to  the  front  portion  of 
the  roof  of  which  a  flange  4  inches  high  is  attached.  Above  this 
is  a  cast-iron  grating  upon  which  a  layer  of  coke  is  maintained  at  a 
red  heat.  The  back  portion  of  the  adapter  is  secured  to  the  muffle  ; 
the  front  open  portion  is  closed  with  an  iron  plate  covered  with  clay 
'  D.  R.-P.  Noe.  8121,  12821,  28596  ;  additional  Patent,  7411. 
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and  luted  as  tightly  as  possible  to  the  adapter.     There  is  an  opening 
in  the  centre  of  the  plate,  which  can  be  kept  closed  by  means  of  a 
clay  plug.     The  whole  adapter  lies  inside  the  recess  of  the  furnace. 
The  gases,  consisting  mainly  of  carbon  monoxide  and  of  the  metallic 
particles  which  are  not  deposited  in  the  receiver,  are  forced  to  pass 
through  the  grating  and  the  layer  of  glowing  coal.    A  portion  of  the 
metallic  constituents  of  the  vapour  is  retained  in  the  layer  of  coke, 
whilst  the  carbonic  oxide  is  heated  to  the  point  of  combustion,  and 
is  burnt  by  a  current  of  air.     Any  zinc  oxide  contained  in  the  gases 
is  not  reduced  by  the  bed  of  coke.     As  the  layer  of  coke  soon  be- 
comes stopped  up,  it  requires  frequent  stirring,  and  must  be  renewed 
from  time  to  time.     In  consequence  of  the  layer  of  glowing  fuel 
upon  the  grate,  no  oxygen  from  the  air  can  enter  the  adapter.    The 
burnt  gases  and  the  metallic  particles  not  retained  in  the  bed  of  coke 
pass  through  an  opening  in  the  arch  of  the  recess  into  a  flue  runniug 
above  the  furnace,  or  into  a  main  flue,  whence  they  are  conducted 
into  an  apparatus  for  the  precipitation  of  the  metallic  particles,  and 
finally  escape  into  the  stack.     In  the  above  figures  the  burnt  gases 
escape  from  the  adapter  i?,  through  the  grating  at  a,  by  the  opening  o 
and  the  flues  b  and  c,  into  the  main  flue  D,  and  from  the  latter  into 
the  stack.     The  zinc  is  tapped  out  from  the  bottom   end  of  the 
adapter.     These  adapters   are   at  present   in   use  at  the  Silesian 
Works,  near  lipine.     The  gases  and  vapours  escape  through  the 
layer  of  burning  fuel  into  a  main  longitudinal  flue,  thence  into  an 
underground  dust  chamber,  and  finally  to  the  stack.     No  deposit  of 
oxides  may  show  upon  the  coping  of  the  stack,  as  this  would  be  a 
sign  that  the  flue  dust  has  not  been  completely  collected.     There  is 
a  small  sight-hole  at  the  front  of  the  adapter,  which  can  be  kept 
closed  by  clay.     If  any  flame  escapes  from  this  sight-hole,  it  shows 
that  the  passage  of  the  vapours  through  the  layer  of  fuel  has  been 
hindered  by  the  deposition  of  particles  of  metal  and  oxides  in  the 
latter,  which  obstacles  must  then  be  removed  or  the  bed  of  fuel  be 
renewed.     This  adapter,  which  has  rendered  good   service  at    the 
Silesian  Works,  has  been  replaced  in  many  works  by  the  Dagner 
adapter. 

The  Dagner  adapter  ^  serves  to  condense  the  zinc  vapours  from  a 
pair  of  adjacent  muffles,  and  consists  of  a  series  of  inclined  boxec? 
which  lie  beside  or  above  each  other,  in  which  the  greater  portion 
of  the  metallic  constituents  of  the  vapour  is  deposited.  The  arrange- 
ment of  the  adapter  is  shown  in  Figs.  150  to  155  ;  in  these  a,  a  arv 
the  two  adapters  fitted  to  the  pair  of  muffles  vi,  lying  side  by  side. 

»  D.  R..r.  No.  8958. 
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The  gases  and  zinc  vapours  escape  from  lateral  openings  in  these 
adapters  into  a  chamber  b  lying  between  them.  Through  an  opening 
in  the  upper  part  of  the  latter  they  escape  into  a  prismatic  box  c, 
24  inches  long,  traverse  this  lengthways,  and  then  rise  up  into 
another  prismatic  box  d  of  the  same  length,  which  they  also  traverse 
longitudinally,  and  then  escape  through  an  opening  provided  with  a 
short  branch  into  the  flue  K.  When  they  escape  through  the  top- 
most box,  these  gases  are  burnt  by  a  current  of  air,  so  that  their 
products  of  combustion,  together  with  any  zinc  vapours  that  have 
escaped  combustion,  enter  the  flue  IT.  The  front  ends  of  these 
adapters  are  closed  by  plates  of  sheet  iron,  which  are  covered  with 
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clay  on  either  side,  and  are  luted  to  the  adapters.  In  the  middle  of 
each  plate  there  is  a  small  round  hole,  which  can  be  closed  at  will  by 
a  clay  plug.  Through  these  holes  iron  rods  can  be  introduced  into 
each  separate  portion  of  the  adapters  in  order  to  remove  deposits  of 
zinc  oxide  from  within  them.  The  separate  recesses  are  closed  in 
fn^nt  by  plates  of  sheet-iron. 

The  zinc  collects  in  the  lower  adapter  in  the  fluid  condition ;  in 
the  upper  adapters  zinc  oxide  and  zinc  fume  are  deposited.  The 
zinc  is  tapped  oflF  from  the  front  end  of  the  adapters.  From  the 
other  adapters  the  zinc  fume  and  oxide  are  raked  out  after  the  front 
plates  have  been  removed.  On  account  of  the  long  distance  which 
the  gases  have  to  traverse  through  these  adapters  and  boxes,  the 
greater  portion  of  their  metallic  constituents  is  deposited.  The 
remainder,  together  with  any  zinc  oxide  formed  by  the  combustion  of 
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zinc  vapours  at  the  outlet,  passes  into  dust  chambers  connected  with 
the  adapters.  The  division  b  of  the  adapter  is  6  inches  broad  and 
8  inches  high  ;  the  division  c  is  4|  inches  broad  and  4  inches  high  ; 
the  division  d  is  10  inches  broad  and  10  inches  high.  The  burnt 
gases  and  vapours  after  passing  through  the  main  flues,  dust 
chambers,  and  dust  towers,  finally  pass  into  a  flue  with  a  powerful 
draught.  At  the  Paul  and  Wilhelmina  Works,  near  Schoppinitz, 
the  gases  escape  through  horizontal  pipes.  The  recess  is  here  closed 
in  front  by  a  temporary  wall,  in  the  lower  portion  of  which  there  is 
a  small  opening.  Through  the  latter  the  air  required  for  burning 
the  gases  enters  the  recess  and  directs  the  flame  towards  the  collect- 
ing flues.  Through  these  flues  the  gases  pass  into  a  system  of  con- 
densing chambers.  These  chambers,  of  which  there  are  7,  having 
a  total  length  of  360  feet,  are  provided  with  vertical  walls,  by  which 
the  distance  to  bo  traversed  by  the  current  is  prolonged  and  the 
surface  exposed  to  it  increased.  In  the  last  chamber  any  remaining 
solid  particles,  carried  by  the  current  of  gas,  are  removed  by  means 
of  a  water  spray,  after  which  the  gases  escape  into  the  stack.  The 
water  flowing  through  this  last  chamber  is  run  on  to  a  coke  filter, 
which  retains  the  solid  particles,  the  water  running  clear  from  the 
last  filter.  This  arrangement  has  given  satisfactory  results.  The 
composition  of  the  zinc  fume  collected  in  the  condensing  chambers 
of  the  Wilhelmina  Works  when  the  Dagner  adapter  is  used  is  the 
following : — 

ZnO 88-20  per  cent. 

CdO      .     .    * 1-46    ...„ 

PbO 4-44 

SO3 412 

MngO^       005 

FegOg  and  residue 1'60         „ 

99-77 

Adapters  are  composed  of  ordinary  potter's  clay  with  the  addition 
of  a  certain  quantity  of  burnt  clay  or  of  fragments  of  muflfles,  or  at 
times  of  the  distillation  residues  from  the  zinc  retorts,  or  of  coke 
dust.  They  are  made  by  hand,  slabs  of  clay  of  the  requisite  length 
being  laid  upon  wooden  cores  of  the  shape  of  the  adapter,  and  pressed 
down  upon  them.  As  soon  as  the  mass  has  attained  a  siifficieni 
degree  of  consistency,  the  core  is  withdrawn.  When  a  bellie<.l 
adapter  has  to  be  made,  as  is  shown  in  Fig.  146,  the  core  consists  of 
three  pieces,  a,  h  and  c,  the  middle  wedge-shaped  portion  of  which. 
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b,  is  provided  with  a  handle,  so  that  it  can  be  drawn  out.  The  slab 
of  clay  is  laid  upon  the  core  and  beaten  down  by  hand.  As  soon  as 
it  has  attained  a  suflScient  consistency,  the  wedge-shaped  portion  of 
the  core  is  withdrawn ;  the  portion  a  then  drops  down,  and  can  be 
drawn  out,  and  the  portion  c  is  lastly  lifted  out  from  the  adapter. 
These  adapters  are  either  dried  upon  the  roof  of  the  distillation 
furnace  and  used  raw,  or  else  are  burnt  afler  having  been  dried  by 
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he  waste  heat  of  the  distillation  furnace,  or  in  special  annealing 
ilns.     Adapters  last  from  2  to  3  weeks. 

In  order  to  protect  the  workmen  against  the  gases  and  vapours 
hieh  escape  when  the  muflBes  are  being  cleared  out  and  charged, 
3  also  against  the  zinc  vapours  which  escape  during  distillation, 
irf>ugh  the  sight-holes  and  through  cracks  in  the  adapters,  an 
Tfingement  has  been  introduced  by  Stempelmann  at  the  Hohen- 
he  Works,  near  Kattowitz,  with  good  results.  It  is,  therefore, 
iiibined  with  the  Dagner  adapter,  the  arrangement  being  shown 
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in  Figs.  156  to  158.^  Above  the  uppermost  adapter  a  sheet-iron 
plate  a  fc  is  so  secured  to  the  buckstaves  of  the  furnace  as  to  form  a 
flue,  the  walls  of  which  consifc:t  of  the  above  sheet-iron,  the  true 
furnace  wall  c  d,  and  of  a  pair  of  buckstaves  $,  At  the  upper  end 
there  is  a  lateral  aperture  i  through  which  the  gases  and  vapours 
ascending  can  escape  into  the  dust  chamber  K.  This  flue  can  be 
prolonged  downwards  by  means  of  a  sliding  sheet  of  iron  provided 
with  a  handle  and  suspended  by  means  of  a  chain  with  a  counter- 
poise. It  is  guided  by  means  of  iron  castings  /  riveted  to  the  sheet- 
iron  a  h.  When  the  muffle  is  to  be  cleared  out,  the  sliding  sheet 
is  lowered  so  far  that  the  gases  and  vapours  escaping  from  the 
former  rise  through  the  opening  h  into  the  prolongation  of  the  flue, 
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and  thence  escape  through  the  opening  i  into  the  dust  chamber  A". 
When  the  muffle  is  being  charged,  the  sheet-iron  must  be  lifted  up 
so  for  that  the  front  end  of  the  adapter  V,  through  which  charging 
takes  place,  stands  open.  The  gases  and  vapours  then  also  escajK^ 
into  the  above-named  flue,  and  find  their  way  through  i  into  the 
dust-chamber. 

Wherever  the  adapters  of  Kleemann  and  Dagner  are  not  in  use, 
nozzles  or  condensers  of  sheet-iron  are  often  attached  to  the  front 
end  of  the  adapters  in  order  to  collect  the  metallic  portion  of  the 
vapours  and  to  prevent  injury  by  the  escaping  gases.  The  metallic 
portion  of  the  vapours  condense  and  thus  form  a  mixture  of  pulveru- 
lent zinc  and  zinc  oxide,  known  as  zinc  fume  or  " povssi^e.*'  These 
nozzles  may  communicate  with  draught  flues  to  remove  the  poisonous 

^  Saeger,  ITyrjiene  der  IltiKauirheiler,  Jena,  1895. 
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carbonic  oxide ;  otherwise  this  gas  escapes  through  the  front  end  of  the 
former.  Such  nozzles  are  at  present  universally  used  for  Belgian  and 
Belgo-Silesian  furnaces.  The  most  improved  forms  of  these,  formerly 
used  in  Upper  Silesia,  and  still  at  present  used  to  some  extent,  are 
the  twin  cylindrical  nozzles  of  Recha,  the  cylinder  of  Bugdoll,  the 
vertical  nozzle  with  condensing  chamber,  and  the  appliances  devised  by 
Palm,  by  Hawel,  by  Mielchen,  and  by  Steger. 

Fig.  169  shows  Recha's  nozzle.   It  consists  of  2  cylinders  of  sheet- 
iion  A  and  B,  connected  with  each  other.     The  sight-hole  of  the 
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cylinder  A  is  closed  by  an  automatic  valve  z ;  the  cylinder  B  has  a 
cap  y.  The  gases  which  are  not  combustible  escape  through  the 
latter  cylinder  by  means  of  the  tube  x,  and  can  be  conducted  away  by 
means  of  a  hood  attached  to  the  front  side  of  the  furnace  into  the 
flues  or  above  the  level  of  the  furnace  top.^ 

Fig.  160  shows  the  nozzle  of  Bugdoll.^  It  consists  of  a  cylinder 
closed  in  front ;  by  means  of  a  valve  b  the  particles  of  fumes  deposited 
in  the  cylinder  can  be  removed.  The  gases  and  vapours  escape 
through  the  branch  v ;  the  latter  is  closed  by  a  gas  filter  of  fine 
Cf)tU)n  in  which  all  solid  parts  of  the  gases  and  vapours  are  retained. 

Fig.  161  shows  the  vertical  nozzle  with  condensing  chamber;  h  is 
the  vertical   nozzle  connected  on  one  side  with  the   adapter  v  by 
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leans  of  the  tube  <,  on  the  other  side  with  the  condensing  chamber 
by  means  of  the  tube  «.  Through  the  latter,  gases  and  vapours 
lat  have  not  been  condensed  escape  by  the  tube  I  into  the  interior  of 
le  distillation  furnace,  where  they  are  burnt.  By  means  of  two 
»  D.  R.-P.  No.  12768.  2  d.  R.p.  No.  11545. 
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apertures  provided  with  sliding  covers  the  nozzle  b  can  be  cleaned 
out. 

The  apparatus  of  Palm^  is  shown  in  Fig.  162;  the  gases  and 
vapours  escaping  through  the  adapter  v  pass  through  the  tube 
system  r  r,  into  the  collecting  tank  /,  filled  with  water,  and  in  escaping, 
impinge  upon  the  surface  of  the  water.  From  this  tank  they  pass 
through  several  other  washing  tanks,  and  then  escape  into  the  fireplace 
of  the  furnace. 

In  Hawel's  arrangement,  shown  in  Fig.  163,*  a  chamber  k  is 
provided  over  every  pair  of  adapters,  the  former  being  connected  with 
a  gas  delivery  tube  n.    The  nozzle  is  connected  both  with  the  chamber 


Fig.  163 


and  with  the  gas  tube  by  means  of  short  pipes.  The  vapours  pass  first 
into  the  chamber,  then  into  the  nozzle,  and  finjilly  into  the  gas  tiuo 
The  greater  portion  of  the  zinc  escaping  through  the  adapter  is 
condensed  in  the  chamber  k,  and  flows  back  into  the  adapt^^r  : 
over  the  inclined  floor  of  the  former.  By  means  of  a  pipe  recently 
placed  by  Hawel  between  the  adapter  and  the  chamber,  better 
results  have  been  obtained  as  regards  the  condensation  of  zinc 
vajiours. 

The  nozzle  of  Mielchen^  used  at  the  Hugo  Works,  in   Upixr 
Silesia,  is  shoAvn  in  Figs.  164  to  166.*     There  are  two  adapters  d. 
Fig.   166,  from    which    the   gases  and  vapours  escape  through  tw 
tubes  of  sheet-iron  c  into  a  sheet-iron  cylinder  c,  provided  with  hand 
holes/,  and  }>ass  by  means  of  the  perfomted  sheets  g  into  the  tul^- 

»  1).  R.  P.  No.  9«7'2.  2  I)   R..p.  Nos.  57:i85  and  617411 

'  D.  R.-P.  No.  186:^r>.  •»  Saeger,  op.  cif. 
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h,  upon  which  the  nozzle  proper  is  supported.  The  latter  consists 
of  an  inner  cylinder  of  sheet-iron  i,  resting  upon  a  perforated  iron 
plate  i,  the  upper  end  being  also  perforated,  and  of  an  iron  cylinder  / 
which  slips  over  the  former,  and  which  is  in  its  turn  surrounded  with 
9  spiral  rings  made  of  sheet-iron,  which  are  tightly  riveted  to  the 
outer  wall.  The  gases  and  vapours  escape  through  the  perforated 
cover  of  the  inner  cylinder  into  the  annular  aperture  between  the  inner 
and  the  outer  one,  through  the  lower  end  of  this  space  pass  at  the 
lower  end  of  the  latter  into  the  space  between  the  inner  cylinder  and 
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the  nozzle,  and  then  take  the  spiral  route  indicated  by  the  arrows, 
f/scaping  finally  through  the  openings  W  in  the  cover  of  the  nozzle ; 
the  apparatus  is  provided  with  the  handles  Z,  On  account  of  the  long 
n>ute  traversed  around  the  outer  cylinder,  the  deposition  of  the  metallic 
portions  of  the  gases  is  almost  complete.  This  nozzle  requires  most 
careful  attention. 

Siegers  nozzle,  which  is  used  at  the  Lazy  Works,  near  Beuthen, 
is  shown  in  Fig.  167.  The  gases  and  vapours  escape  from  the 
Eidapter,  first  into  the  lower  cylinder  U,  then  traverse  the  sheet- 
iron  tubes  Ojy  fl^2'  *"id  ttg,  which  form  the  nozzle  proper,  and  escape  at 
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the  upper  end  of  the  latter  through  the  tube  d  into  a  flue,  in  which 
they  are  burnt  and  led  away.  In  the  tube  a^  discs  of  iron  are 
arranged,  by  which  the  gases  are  forced  to  ascend  close  to  the  outside 
circumference  of  the  tube.  The  zigzag  'arrangement  of  the  tubes 
forces  the  gases  to  traverse  a  considerable  distance,  and  at  the  same 
time  alters  their  direction  repeatedly.  The  gas  is  also  exposed  to 
the  contact  of  a  very  extensive  surface,  and  is  thus  greatly  cooled  on 
account  of  the  material  of  which  the  tubes  consist.  The  cooling 
effect  is  increased  by  the  action  of  the  discs  «,  which  force  the  gas 
current  against  the  wall  of  the  tube  a^.  In  consequence  of  these 
arrangements,  the  current  of  gas  is  cooled  far  below  its  temperature 
of  ignition,  so  that  even  should  air  find  its  way  into  the  nozzles, 
explosions  are  not  to  be  feared.  It  is  said  that  the  amount  of  zinc 
fume  obtained  in  this  nozzle  is  very  considerable,  and  greatly  exceeds 
that  obtained  in  the  others. 

'  Furnaces  for  Distillation 

In  the  old  Silesian  furnaces  with  grates  the  flame  rose  up,  sur- 
rounded the  muffles  laterally,  and  then  escaped,  partly  through  open- 
ings in  the  arch  of  the  furnace,  partly  through  lateral  apertures.  In 
the  newer  furnaces  fired  by  grates  or  fired  by  gas,  the  flame  rises  uj) 
to  the  arch  and  then  returns,  surrounding  and  striking  the  muffles 
from  above,  and  escaping  at  the  bottom  of  the  furnaces.  The 
furnaces  of  the  latter  type  have  been  called  Belgo-Silesian 
furnaces.  As,  however,  this  name  has  been  applied  to  furnaces  with 
several  horizontal  tiers  of  muffles,  some  confusion  has  arisen.  To 
obviate  this,  furnaces  of  all  kinds  with  a  single  row  of  muffles  will  be 
called  Silesian  furnaces;  those  with  more  than  one  row  of 
muffles  Belgo-Silesian  furnaces.  The  old  Silesian  furnaces  were 
formerly  used  universally  in  Upper  Silesia,  the  short-flaming  coal 
which  is  there  obtainable  being  the  fuel  employed.  At  present 
however,  they  have  everywhere  been  displaced  by  the  Belgo-Silcsian 
furnaces.  The  latter,  which  are  suited  for  coals  giving  long  flame^, 
and  for  various  forms  of  gas-firing,  economise  heat  to  a  far  greater 
extent  than  do  the  old  Silesian  furnaces,  which  nowadays  scarcely 
possess  more  than  historical  value. 

Old  Silesian  Furnaces 

These  are  furnaces  with  a  long  narrow  fire-chamber.     In  their 
longitudinal  axis  a  deep  gi-ate  is  built,  upon  either  long  side  of  which 
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the  muffles  rest  upon  supports.  The  flame  rising  from  the  grate 
surrounds  the  muffles  laterally,  and  then  escapes  partly  through 
lateral  openings  in  the  short  side  of  the  furnace  into  the  chambers 
for  calcining  calamine,  for  annealing  muffles,  and  for  re-melting  the 
zinc,  and  partly  escapes  through  a  row  of  flues  in  the  arch  of  the 
furnace,  either  into  a  main  flue  leading  into  a  large  stack  or  directly 
into  low  stacks.  The  arrangement  of  such  a  furnace  is  shown  in 
Figs.  168  to  170,  in  which  b  is  the  gmte;  its  length  is  5  feet  5  inches, 
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and  its  depth  2  feet  6  inches  below  the  floor  of  the  furnace.  It  is 
fire<l  by  means  of  a  fire  door  shown  in  Fig.  168.  Along  the  two 
long  sides  of  the  grate,  or  upon  their  prolongation,  10  muffles  are 
arranged.  The  roof  of  the  furnace  is  built  of  fireclay  or  of  fire-bricks. 
Eivch  pair  of  muffles  opens  in  front  into  recesses  29  inches  high  and 
20  inches  wide,  which  are  known  as  chapels,  these  being  separated 
fn >in  each  other  by  partition  walls,  Z,  4  feet  4  inches  long  and  4  inches 
thick.  The  adapters  of  the  muffles  lie  in  these  recesses.  These 
furnaces,  each  of  which  holds  20  muffles,  are  built  in  paii^.     After 


184  METALLURGY 

the  flame  has  heated  the  muffles  from  the  side,  it  escapes  through 
lateral  openings  in  the  shorter  walls  of  the  furnace,  partly  into 
chambers  for  calcining  calamine,  partly  into  chambers  for  annealing 
muffles  and  for  re-melting  the  zinc,  and  then  from  these  into 
low  stacks  ;  /,  /  are  the  calcining  chambers  built  between  a  pair  of 
neighbouring  furnaces,  e  is  the  chamber  for  annealing  the  muffles, 
and  d  the  chamber  for  re-melting  the  zinc ;  h  is  the  chamber  into 
which  the  adapter  opens,  and  in  which  the  zinc  collects  in  the  solid 
form.  The  front  part  of  this  chamber  is  closed  by  means  of  a  door 
during  the  course  of  the  operation ;  g,  g  are  the  stacks.  The  bottoms 
of  the  muffles  in  the  case  of  these  furnaces  rest  upon  a  solid  support, 
and  are,  therefore,  not  struck  by  the  flame. 

Furnaces  of  this  kind  have  been  used  in  England  and  fired  by 
means  of  highly  bituminous  coals.  In  the  arch  over  the  front 
portion  of  the  muffles  there  are  two  rows  of  holes,  whence  the 
products  of  combustion  escape  into  horizontal  flues  leading  to  the 
stack,  no  attempt  being  made  to  heat  annealing  or  calcining  chambers. 
Each  furnace  contains  24  muffles.  On  account  of  the  inefficient 
utilisation  of  the  heat  in  these  furnaces,  1  part  by  weight  of  zinc 
required  for  its  reduction,  from  comparatively  poor  ores,  17  to  20 
parts  by  weight  of  coal  in  Upper  Silesia  ;  with  richer  ores  and  better 
coals  in  England  11^  parts  of  coal.  The  loss  of  zinc  in  Upper 
Silesia  was  as  high  as  30  per  cent.,  and  in  England  amounted  to  18 
per  cent.  As  already  stated,  these  furnaces  have  been  replaced  by 
the  new  Silesian  furnaces,  and  are  now  no  longer  built. 

New  Silesian  Furnaces 

These  furnaces  have  been  evolved  from  the  old  Silesian  furnaces, 
the  flames  not  being  allowed  to  escape  from  the  furnace  either 
laterally  or  through  the  arch,  but  being  first  made  to  strike  the  arch 
and  then  to  return,  escaping  at  the  bottom  of  the  furnace.  Thus  the 
products  of  combustion  escape  either  through  a  common  flue  running 
under  the  bottom  of  the  furnace  into  a  stack,  or  into  several 
stacks,  or  before  entering  the  latter  they  can  be  utilised  for  calcining 
calamine.  By  this  means  heat  has  been  more  effectually  utilised 
(6  to  8  parts  of  coal  to  1  part  of  zinc),  the  temperature  is  kept  more 
uniform,  the  retorts  last  for  a  longer  time,  the  output  of  zinc  is 
greater,  and  the  furnaces  can  be  adapted  for  a  larger  number  of 
muffles,  and  their  capacity  thereby  increased.  It  was  also  found 
possible  to  avoid  the  entrance  of  smoke  into  the  works,  and  to 
minimise  the  injury  done  by  the  emoke  to  the  surrounding  countiy. 
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This  method  of  heating  was  first  introduced  at  the  works  of  the 

Vieille  Montagne  Company  in  Belgium  and  Westphalia,  flat  grates 

and  highly  bituminous  coals  being  employed ;  this  is  the  reason  why 

these  furnaces  have  received  the  name  of  Belgo-Silesian  furnaces. 

In  the  case  of  the  less  bituminous  coals  of  Upper  Silesia  ordinary 

grates  could  only  be  employed,  when  the  layer  of  fuel  was  raised  up 

to  a  considerable  height  by  a  bed  of  clinker,  an  air  blast  being 

forced  into  the  ashpit  under  the  grate,  or  above  the  grate  at  the  level 

of  the  top  layer  of  fuel.   A  further  improvement  was  the  introduction 

of  gas-firing,   which   considerably   increased   the    capacity   of    the 

iiimaces,  and   has  almost  completely  displaced  fire  grates.     As  a 

rule,  therefore,  gas- firing  should  at  present  be  exclusively  used  for 

Belgo-Silesian    furnaces.     The    number   of  muffles   in   the    newer 

furnaces  of  this  class  is  from  24  to  80 ;  two  furnaces  are  generally 

combined  to  form  a  block.     It  is  best  to  separate  the  above  classes 

of  furnaces  into  furnaces  fired  by  grates  and  those  fired  wholly  or  in 

part  by  gas.     Furnaces  fired  by  gas  may  be  divided  into  furnaces 

without  and  with  regenerators. 


New  Silesian  Furnaces  Fired  hij  Grates 

Furnaces  of  this  kind  were  frequently  used  before  the  introduction 

of  gas-firing,  but  have  been  replaced  by  gas-fired  furnaces  at  most 

worka     The  construction  of  such  a  furnace  with  one  row  of  muffleS, 

as  used  at  Valentin-Cocq,  in  Belgium,  is  shown  in  Figs.  171  to  175. 

There  are  16  muffles  e  on  either  side  of  the  grate.   Two  such  furnaces 

are  built  together,  being  united  by  their  shorter  sides.     The  flame 

ri.sing  through  the  grate  ascends  to  the  arch  and  then  descends, 

enveloping  the  muffles  from  above  and  escaping  through  a  row  of 

apertures  into  the  flues  h  in  the  floor,  which  lead  the  products  of 

combustion  to  the  stack.     In  the  older  furnaces  there  are  calamine 

calcining  chambers,  Z,  between  each  pair,  or  whenever  solid  zinc  was 

produced,  as  in  the  old  Silesian  furnaces,  chambers  for  re-melting  the 

zinc,  a,  were  also  provided.     In  either  case  a  portion  of  the  flame  was 

diverted  through  these  chambers  before  entering  the  stack;  v  are 

vertical  shafts,  through  which  the  distillation  residues  that  remain  in 

the  muflBes  are  dropped  into  horizontal  arched  tunnels  T,   The  latter 

open  into  a  tunnel,  w,  running  parallel  to  the  longitudinal  axis  of  the 

furnace ;  u  are  the  adapters  already  described  for  the  collection  of 

the   zinc,  ^  the  nozzles  attached  to  them  for  collecting  zinc  fume. 

The   adapters  are  arranged  in  recesses,  which   have   already  been 
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considered  under  the  heading  of  the  old  Silesian  furnaces ;  t  are  the 
steps  at  the  front  end  of  the  muffles,  upon  which  the  rear  end  of  the 
adapter  is  supported.  The  front  end  of  the  latter  rests  in  an  iron 
frame  which  closes  the  front  of  the  recess.     The  upper  portion  can 


--B 
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thus  be  closed,  the  lower  portion  being  fitted  with  a  tightiv 
shutting  door.  This  form  of  adapter  tlirough  which  the  zinc  has  i> 
be  raked  out  is  often  replaced  by  one  or  other  of  the  above-descrik^l 
adapters,  from  which  the  zinc  is  tapped  out. 

On  account  of  the  small,  non-bituminous  coal  available  in  V\}\ki 


ZINC 


187 


Silesia,  it  was  necessary  to  employ  clinker  grates  with  a  blast  under- 
neath them,  or  in  some  cases  to  use  a  blast  above  the  top  of  the  fuel. 
Furnaces  of  this  kind  hold  from  24  to  28  muffles.  The  clinker  grate 
is  kept  10  inches  in  height,  the  blast  being  produced  by  means  of 
fans  or  injectors  and  conveyed  by  means  of  a  pipe  into  the  closed 
ashpit  of  the  grate.  When  a  top  blast  was  used,  it  was  first  heated 
by  circulating  through  flues  in  the  brickwork  of  the  furnace,  and  then 


Fio.  178. 
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Fios.  174  and  175. 


entered  the  grate  by  means  of  small  apertures.  Furnaces  of  this 
kind  have  been  replaced  in  the  Upper  Silesian  works  by  gas-fired 
furnaces. 

New  Silesian  Furjiaces  Fired  by  Gas 

Gas-fired  furnaces  admit  of  the  employment  of  inferior  fuel  and 
the  production  of  a  high  degree  of  temperature,  equable  heating  of  a 
large  furnace,  and  of  convenient  stoking  of  the  gas  producers.  On 
this  account  the  capacity  of  gas-fired  furnaces  is  considerably  greater 
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than  that  of  furnaces  fired  by  grates.  They  should,  therefore,  be  used 
as  a  rule.  The  products  of  combustion  either  pass  directly  into  the 
flues  or  a  portion  of  their  heat  may  first  be  utilised  for  calcining 
calamine  and  for  annealing  muffles,  or  for  heating  regenerators. 
Regenerators  of  the  Siemens  type  are  employed.  The  latter  imply, 
however,  a  high  first  cost,  careful  attendance,  and  a  uniform  and  not 
too  inferior  quality  of  coal.  There  is  also  danger  of  the  flues  of  the 
regenerators  becoming  readily  stopped  up  by  zinc  oxide  and  by  the 
carbonaceous  matter  deposited  by  the  tar,  so  that  in  spite  of  the 
great  advantages  of  the  Siemens  furnace  it  has  not  found  the 
universal  application  in  zinc  works  that  was  expected  from  it. 

Gas  FxtTTUices  loilhoiU  Regenerators 

When  gas  furnaces  are  employed  without  regenerators,  the  air 
necessary  for  the  combustion  of  the  gases  is  heated  either  by  passing 
through  flues  in  the  brickwork  of  the  furnace  or  of  the  gas  producer, 
or  in  flues  which  are  surrounded  by  the  escaping  products  of  com- 
bustion. The  gas  is  generated  in  producers  with  step  grates  and  led 
into  the  furnace  through  heating  flues,  at  the  upper  end  of  which  it 
is  burnt  by  means  of  a  current  of  air.  The  air  is  forced  in  by  means 
of  fans,  and  is  heated  in  the  brickwork  of  the  furnace.  The  furnace 
may  be  worked  either  by  draught  produced  by  a  stack,  or  by  a  blast 
underneath  the  grate,  in  which  case  air  is  also  forced  into  the  closed 
ashpit  of  the  gas  producers.  The  latter  arrangement  presents  the 
advantage  that  the  inferior  small  coal  and  dust  may  be  used  for  the 
gas  producers.  The  arrangement  of  such  a  furnace  with  heating 
flues  is  shown  in  Figs.  176  and  177.  G  are  the  two  gas  producers, 
provided  with  step  grates  ty  into  the  ashpits  of  which  air  is  blown 
through  tubes  g.  The  producer  gas  passes  from  the  producers 
through  flues  k  into  the  heating  flues  h.  At  the  upper  end  of  the 
latter  the  gas  is  mixed  with  the  heated  air  required  for  combustion, 
which  is  forced  in  by  means  of  fans  or  by  injectors  through  the  flue  r, 
from  which  it  passes  through  the  flues  y,  x  and  x\  in  which  it  is 
suflSciently  warmed,  and  escapes  through  the  pipes  d  and  d\  The 
flame  first  rises  to  the  roof  and  then  descends,  surrounding  the  muflies, 
and  escapes  through  the  apertures  /  into  the  flues  w,  whence  the 
products  of  combustion  pass  into  the  stacks  c,  or  into  the  main  stack 
H,  The  blast  for  the  producer  is  taken  from  the  flue  2  by  a  branch 
flue  g,  opening  into  the  ashpit  of  the  producer ;  m  are  the  muffles,  r 
are  the  adapters,  ii.  are  the  openings  through  which  the  residues  in 
the  muffles  are  dropped  into  vaults  provided  with  doors ;  o  are  the 
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calcining  chambers  built  in  between  each  pair  of  furnaces ;  -B,  B  are 
annealing  chambers.  A  double  furnace  with  64  muffles,  as  in  use  at 
the  Hohenlohe  Works,  is  shown  in  Figs.  178  and  179.  Fig.  178  is  a 
cross  section  through  the  furnace  and  producer;  Fig.  179  a 
longitudinal   section   through   the  furnace.     The   furnace,  which  is 


Fio.  176. 


Fia.  177. 


58  feet  long  and  18  feet  6  inches  wide,  is  provided  with  2  producers 
S,  one  to  each  32  muffles.  The  producer  gases  pass  through  the  flue 
K  into  4  vertical  shafts  ff,  where  they  are  burnt  by  the  introduction 
of  air.  This  air  is  forced  by  means  of  fans  into  the  flue  Z,  passes 
from  the  latter  into  small  flues  x  surrounding  the  heating  flue,  and 
from  this  through  slots  F  into  the  heating  shaft.     The  heating  shaft 
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widens  out  below  into  the  chamber  u,  so  that  any  flue  dust  may  be 
collected  there.     This  chamber  can  be  cleaned  out  through  the  vault 
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iJ,  which  is  connected  by  a  passage  D  with  this  chamber.  After  the 
flame  has  heated  the  muffles,  it  escapes  chiefly  through  flues  w  at 
both  ends  of  the  furnace  into  the  chambers  M  or  n  for  annealing  or 
calcining  respectively,  and  from  these  chambers  through  the  flues  / 
into  the  stack.  Such  of  the  products  of  combustion  as  are  not 
required  for  heating  purposes  pass  directly  out  of  the  furnace  through 
the  apertures  e  into  the  stack.  N  are  the  recesses  which  contain  the 
adapters  of  each  pair  of  muffles,  Q  are  flues  in  which  any  slag  collects 
that  may  form  when  any  of  the  muffles  crack.  By  means  of  the  shafts 
V  the  residues  from  the  muffles  are  thrown  into  the  vault  R, 

Lorenz  ^  has  proposed  a  modification  of  the  Silesian  gas  furnace 
in  which  the  gases  and  air  do  not  enter  through  the  floor  of  the 
furnace,  but  through  its  two  end  walls.  The  flames  thus  enter  fix)m 
either  side  of  the  furnace,  pass  between  the  muffles  towards  the 
centre,  where  they  meet,  surrounding  the  muffles  and  returning  along 
the  sides  of  the  furnace  to  the  end  walls,  whence  they  escape  into 
flues.  This  furnace,  which  was  in  use  at  Lazy  Works  in  Upper 
Silesia,  has  fallen  out  of  use ;  for  though  it  facilitates  repairing  of  the 
heating  shafts,  yet  it  does  not  admit  of  uniform  heating. 

Gas  FuvTiaces  vntli  Regeiierators 

Furnaces  on   the  Siemens  principle  are  used  in  Upper  Silesia. 
They  require  coal  which   shall  not  be  in  too  small  pieces.     They 
admit  of   the  uniform  heating  of  large    chambers  to  a  very  high 
degree  of  temperature,  and  in  consequence  thereof  cause  an  economy 
of  fuel  and  of  muffles,  and  permit  of 
longer  campaigns  than  in  the  case  of 
furnaces  working  without  regenerators. 
On    account,  however,   of   their    high 
first  cost,  of  the  necessity  of  employ- 
ing better  qualities  of  coals,  of  the  care 
required  in  their  management,  of  the 
readiness  with  which  the  flues  in  the 
n^g-enerators  become  stopped  up,  of  the 
diflSculties  connected  with  their  heating, 
and  of  the  high  consumption  of  fireproof  ^^o-  im- 

material caused  by  the  regenerators,  the 

application  of  the  Siemens  principle  to  distillation  furnaces  has  been 

greatly    limited,  in   spite   of   the   above-named   advantages.      The 

general  construction  of  a  zinc  distillation  furnace  on  the  Siemens 

*  St^er,  Prtuss.  ZeitBckr,  fur  Berg-,  Hutten-,  und  Saliiientvenen,  1900,  p.  403. 
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principle  is  shown  in  Figs.  180  and  181.  L  are  the  air  regenerators, 
G  the  gas  regenerators,  g,  g  are  the  flues  for  the  admission  of  gas  and 
ly  I  for  the  admission  of  air  to  their  respective  regeneratoi-s.  The  gas 
and  air,  after  being  heated,  pass  through  flues,  J  J,  into  the  mixing 
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chamber^\F.  The  "flame  ascends  first  in  one  half  of  the  heating 
chamber  v  up  to  the  roof  iV,  then  enters  the  other  half,  where  it 
descends,  passing  finally  to  the  regenerators,  which  it  traverses,  and 
then  escapes  to  the  stack.     The  distillation  residues  fix)m  the  muffles 

are  dropped  through  the  inclined 
shafts  a  into  the  vaults  R.  S  is  a 
pocket  for  the  collection  of  flue  dust,  h 
are  iron  frames  which  replace  the  par- 
tition tiles  of  the  recesses.  They  were 
designed  by  Cochlovius,^  arid  aie  shown 
on  a  larger  scale  in  Figs.  182  and  183 
(each  pair  of  recesses  is  otherwise 
separated  by  fireclay  tiles  2  inches 
thick,  known  as  partition  tiles).  The 
front  side  a  &  of  the  frame  is  secui^d 
to  the  buckstaves  of  the  furnace,  whilst 
the  back  portion  c  d  rests  against  the 
furnace  itself.  The  arch  is  carried  by 
the  upper  portion  a  c  of  the  frame. 
Of  the  lower  portion  of  the  frame,  the 
portion  rf  e  is  let  into  the  furnace, 
whilst  c/  lies  against  the  floor  of  the  furnace.  A  cross-bar  h  i  serves 
to  stiffen  the  frame.  An  iron  rail  lying  upon  a  projection  A:  replaces 
the  step  upon  which  the  front  portion  of  the  adapter  rests. 

»  D.  R.-P.  No.  9128. 
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The  construction  of  the  older  zinc  distillation  furnaces  at 
Freiberg  is  shown  in  Figs.  184  to  188.  The  regenerators  lie  under 
the  furnace,  and  parallel  to  its  longitudinal  axis.  L  is  one  of  the  air 
regenerators,    G  one   of  the   gas   regenerators.     The  other  pair  of 


Fio.  184. 
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regenerators  lying  beneath  the  other  half  of  the  furnace  is  not 
visible  in  the  figure.  W  is  the  reversing  valve  for  the  gas  and  W^ 
for  the  air  current.  X  are  the  gas  flues,  Y  the  aii-  flues.  The  gas 
passes  through  X  into  the  regenerator  G,  the  air  through  Y  into  the 
regenerator  L,  At  the  upper  portion  of  the  regenerator  the  gas 
VOL.  11  o 
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escapes  heated  through  three  flues  into  corresponding  vertical  slots, 
whilst  the  air  escapes  at  the  upper  end  of  the  air  regenerator  through 
an  equal  number  of  flues  U  into  its  corresponding  vertical  slots.  At 
the  top  of  these  slots  the  air  and  gas  mix,  the  flame  thus  produced 
first  surrounding  two  tiers  of  muffles  on  one  side  of  the  furnace,  and 
then  passing  into  the  second  half  of  the  furnace,  where  it  surrounds 


Fig.  186. 


Fio.  187 


FiQ.  188. 


the  muffles  therein  contained,  and  then  escapes  through  the  six  air 
and  gas  slots  in  the  floor  of  the  furnace  into  the  corresponding 
regenerators,  from  which  it  passes  to  the  flue  E,  and  thence  to  tht 
stack.  At  definite  intervals — from  half  an  hour  to  an  hour — the 
direction  of  the  air  and  gas  currents  is  reversed  by  means  of  the 
reversing  valve,  so  that  gas  and  air  now  ascend  in  the  second  half 
of  the  furnace,  first  heat  the  muffles  contained  therein,  and   then 
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take  their  way  throagh  the  first  half  of  the  famace  to  the  first  pair 
of  regenerators,  whence  they  escape  to  the  stack.     The  air  and  gas 
slots  are  prolonged    downwards  into  chambers  or  pockets  B,  into 
which  any  flue  dust  drops  down  and  collects.     By  means  of  the 
chambers  P  the  brickwork  which  forms  the  outer  wall  of  the  regenera- 
tors and  pockets  is  accessible,  so  that  these  can  be  repaired  and 
cleaned  out  when  desired.    N  are  the  muffies,  0  are  the  recesses. 
The  number  of  muffles  in  single  furnaces  of  this  kind  amounts  to 
28  to  32,  in  double  furnaces  to  56  to  80.     At  the  Bemhardi  Works 
the  number  is  80.     Furnaces  on  the  Siemens  principle  have  been 
used  with  good  results  at  the  Paul  Wilhelmina  Works,  Bemhardi 
and  Flora  Works  in  Upper   Silesia.     The    gas   furnace   with   air 
regeneratore  of  Haupt,^  w^hich  are  provided  with  regenerators  along 
each  side  of  the   longitudinal  axis  of  the  furnace,  in  addition  to 
calcining  and    tempering  furnaces,   and   in    which    the    hearth   is 
heated  both  from   above   and  below,  do  not  seem   to   have   come 
into  use. 

The  Charge 

The  charges  for  muffles  are  prepared  in  the  same  way  as  for 
retorts ;  calamine  is  not,  however,  submitted  to  distillation  in  the 
form  of  powder,  but  in  pieces  of  the  size  of  a  hazel  nut,  so  that  the 
muffle  charge,  which  is  very  much  larger  than  that  for  the  retort, 
shall  not  be  too  compact.  In  Upper  Silesia  the  coal  used  for 
reduction  is  employed  in  the  form  of  what  is  known  as  cinder y  that  is 
to  say,  after  its  gas  has  been  got  rid  of.  The  cinder  is  obtained 
partly  fix)m  puddling  works,  partly  collected  below  the  grates  of  the 
gas  generators,  and  partly  produced  in  special  furnaces.  For  instance, 
at  the  Hohenlohe,  Kunigunde,  and  Theresia  Works,  in  Upper  Silesia, 
cfjals  of  grain  and  pea  size  are  heated  in  furnaces,  whereby  they 
partly  coke  and  may  agglomerate  a  little,  according  to  their  quality. 
At  the  Paul  and  Wilhelmina  Works,  near  Schoppinitz,  coals  thus 
heated  are  also  partially  employed.  In  many  works  crushed  coke  is 
used.  By  driving  the  gas  off  from  coals,  from  63  to  72  per  cent, 
of  the  weight  of  the  latter  is  obtained  as  cinder.  Of  recent  times 
the  quantity  of  cinder  in  the  charge  in  Upper  Silesia  has  been 
continually  on  the  increase ;  by  these  means  the  red-hot  particles  of 
X)al  in  the  charge  are  brought  into  intimate  contact  with  the  ores, 
md  the  formation  of  an  atmosphere  of  carbon  monoxide  is  at  the 
«me   time    promoted,  so  that  any  oxidising    influence   of   carbon 

1  D.  R.-P.  No.  7425,  Oeslerr,  Zeitschr.  1881,  p.  336. 
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dioxide,  water  vapour,  and  air  are  prevented  from  affecting  the  zinc 
vapour.  For  example,  at  the  Wilhelmina  Works,  the  proportion  of 
cinder  amounts  to  almost  50  per  cent,  of  the  weight  of  the  ore 
treated,  or  34*9  per  cent,  of  the  total  fuel  used  in  the  operation. 
^he  charge  for  one  muffle  is  at  present  about  2  cwts.  on  the  average 
for  Upper  Silesia. 

Process  of  Distillation 

Before  a  furnace  is  put  into  operation,  it  is  carefully  dried  and 
fired  up  slowly.     In  the  case  of  the  old  Silesian  furnaces,  as  soon  as 
the  furnace  has  attained  the  requisite  temperature,  the  muffles  which 
have  been  raised  to  a  red  heat  in  the  annealing  furnace  are  set  in 
their  places.     The  interspaces  between  the  muffles  and  the  columns 
are  filled  in  with  bricks  and  clay.     The  adapters  are  then  attached 
to  the  muffles,  and  the  openings  in  the  lower  portion  of  the  muffle 
below  the  adapters  are  closed  by  the  tiles  previously  mentioned. 
The  charges  are  then  gradually  introduced  through  an  opening  in  the 
bend  of  the  adapter  by  means  of  a  long  scoop,  which  passes  through 
the  horizontal  portion  of  the  adapter  into  the  muffle.     The  charge  of 
the  muffles,  small  at  first,  is  gradually  increased,  until  on  the  seventh 
day  they  are  taking  their  full  charge.    The  muffles  that  lie  nearest  the 
file  are  more  heavily  charged  than  those  farther  away  from  it.    After 
the  muffle  has  been  charged,  the  opening  in  the  bend  of  the  adapter 
is  closed  by  means  of  a  tile  luted  upon  it ;  the  sheet-iron  doors  in 
front  of  the  recesses  are  closed  ;  and  the  temperature  of  the  furnace 
is  raised  to  whiteness.     Soon  after  the  introduction  of  the  charge, 
under  ordinary  circumstances,  carbon  dioxide,  carbon  monoxide,  and 
water  vapour  are  evolved,  and  zinc  fume  is  deposited  in  the  adapter? 
as  a  result  of  the  action  of  carbon  dioxide  and  water  vapour  upon 
the  zinc  vapours,  as  also  of  the  high  degree  of  dilution  of  the  latter 
by  the  above-named  gases ;  in  order  to  prevent  the  adapter  from 
being  clogged,  it  must  be  repeatedly  cleaned  out.    Two  to  three  houK 
after  the  charge   has  been  introduced,  carbon   monoxide   alone   I** 
contained  in  the  escaping  gases.     As  there  are  now  no  oxidising 
agents  present,  and  as  zinc  vapour  is  contained  in  large  quantities  iu 
the  gas,  condensation  of  zinc  commences,  attains  its  maximum  afWr 
6  to  8  hours,  and  remains  stationary  for  another  6  to  8  hours.     I: 
then  diminishes,  and  is  concluded  in  a  few  hours  longer.     The  total 
time  of  working  off  a  charge,  including  charging,  occupies  24   houi^ 
When  the  distillation  is  complete,  the  front  doors  of  the  recesses  an- 
opened,  and  the  tiles  are  removed  from  the  charging  openings.      Any 
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fluid  zinc  that  may  still  be  remaining  in  the  horizontal  portion 
of  the  adapter  is  raked  down  into  the  condensing  chamber,  and 
the  metal  that  is  solidified  in  the  latter  is  removed.  The  tile 
which  closes  the  muffle  below  the  step  supporting  the  adapter  is 
now  removed  by  means  of  tongs  and  the  residues  of  the  distillation 
are  drawn  out  by  means  of  scrapers,  any  accretions  upon  the  sides  of 
the  muffles  being  knocked  off  by  means  of  an  iron  bar.  Muffles  that 
have  become  defective  are  changed,  and  others  which  may  have  been 
cracked,  but  which  are  still  capable  of  being  repaired,  are  luted  with 
clay.  The  muffles  are  then  charged  afresh.  The  two  rows  of  muffles 
are  either  charged  one  directly  after  the  other  or  else  the  second  row 
is  charged  some  time,  up  to  eight  hours,  after  the  first,  in  order  to  give 
the  workmen  time  for  a  rest.  By  the  latter  method  the  uniform 
a)urse  of  the  process  and  the  output  of  zinc  are  interfered  with. 

The  process   of   distillation  when  new  Silesian    furnaces    are 
employed  agrees  with  the  former,  except  as  influenced  by  the  different 
construction  of  these  furnaces  as  regards  the  disposition  of  the  muffles 
and  the  character  of  the  adapters.     The  furnaces  are  heated  up  by 
means  of  a  coal  fire  maintained  upon  the  grates  or  in  the  gas  producers. 
Furnaces  on  the  Siemens  principle  are  not  heated  up  by  means  of  the 
producer,  but  by  means  of  a  fire  maintained  upon  a  provisional  grate 
inside  the  furnace  itself.     These  grates  are  arranged  in  two  recesses 
lying  diagonally  opposite  to  each  other,  whilst  the  other  recesses  are 
loosely  bricked  up  during  this  period  of  heating  up.     After  three  or 
four  days  the  muffles  are  put  in  their  places,  and  annealed  in  the 
furnace  itself.    After  the  fire  has  been  gradually  increased  for  another 
three  or  four  days,  the  grates  are  removed  and  gas  is  introduced  from 
the  producer,  which  has  been  carefully  warmed  up  and  fired,  the 
requisite  quantity  of  air  for  burning  the  gas  being  at  the  same  time 
admitted.     After  gas-firing  has  thus  been  commenced,  muffles  pre- 
nously  heated  to  a  red  heat  are  introduced  into  the  two  recesses, 
which  have  now  been  set  free  for  this  purpose ;  the  muffles  are  then 
bricked  in,  the  adapters  are  attached,  and  the  muffles  charged.     In 
the  case  of  adapters  of  the  bellied  form,  charging  takes  place  through 
the  front  of   the  adapter,  whilst  with  those  having  the  shape   of 
inclined   cylindrical  tubes   or   of   rectangular  boxes,   the   front   of 
which  is  closed  by  a  tile,  or  by  a  clayed  iron  plate,  charging  is 
performed  through  the  aperatures  left  when  these  plates  are  re- 
moved.    If  there  are  several  tiers  of  muffles,  the  topmost  tier  of 
Duffles   is   charged   first.     The   first   charges   are   very  small    and 
consist  of  readily  reducible  material,  such  as  zinc  fume  and   rich 
esidues,   the  charges  being  gradually  increased  up  to  the  normal, 
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which  averages  2  cwts.  for  the  big  Silesian  muflBes.  The  time  of 
working  off  a  charge  in  this  furnace  amounts  also  to  24  hours.  The 
temperature  must  be  kept  as  uniform  as  possible  during  the  process 
of  distillation.  Should  it  be  too  high,  uncondensed  zinc  escapes 
through  the  adapters  and  burns  in  contact  with  the  air ;  if  it  is  too 
low,  the  zinc  condenses  as  fume,  which  partly  remains  in  the  adapters 
and  partly  is  carried  off  by  the  current  of  gas.  In  such  a  case  the 
adapters  in  the  old  Silesian  furnaces  might  possibly  become  stopped 
up  by  solid  zinc.  If  any  of  the  muffles  crack,  zinc  vapour  may 
either  escape  from  the  muffles  into  the  furnace,  or  the  furnace  gases 
may  enter  the  muffle,  according  to  the  ratio  between  the  pressures 
inside  the  furnace  and  inside  the  muffle  respectively.  After  the 
conclusion  of  distillation,  zinc  is  removed  from  the  adapters,  the 
residues  are  then  raked  out,  the  muffles  are  repaired  or  replaced,  and 
then  charged  once  again.  Zinc  is  raked  out  from  the  bellied  adapters 
and  collected  in  a  ladle  held  beneath  the  latter.  From  the  inclined 
cylindrical  or  rectangular  adapters  the  metal  is  tapped  out  into  iron 
ladles  by  removing  the  front  plate.  By  means  of  these  ladles,  which 
are  provided  with  spouts,  the  fluid  zinc  is  cast  into  moulds.  When 
several  tiers  of  muffles  have  to  be  dealt  with,  the  zinc  is  first  collected 
from  the  uppermost  tier  of  muffles.  Herter^  runs  the  zinc  into 
transportable,  externally  heated  vessels  lined  with  fireproof  material. 
These  vessels  can  be  tipped.  I-ead  and  zinc  collect  in  them,  forming 
two  layers,  which  can  be  separated  by  means  of  a  tap-hole  in  the 
bottom  of  the  vessel. 


Economic  Results  and  Examples  of  Zinc  Extraction  in 

Muffles 

older  furnaces  fired  direct 

Old  Silesian  Muffle  Fu7mac€8 

In  Upper  Silesia,  by  means  of  old  Silesian  furnaces  with  20 
muffles  in  each,  15  cwts.  of  calamine  were  treated  in  24  hours,  and 
in  furnaces  with  24  and  26  muffles,  18  and  20  cwts.  of  calamine 
respectively.  The  output  of  zinc  from  the  ore  amounted  to  14*07 
per  cent.  For  the  production  of  1  cwt.  of  zinc,  7J  cwts.  of  calauiine 
and  35  cwts.  of  coals  were  required. 

The  muffles  lasted  6  to  §  weeks. 

1  Brit.  Pat.  No.  8175,  1901. 
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Silcsian  Furnaces  Fired  by  Grates 

At  the  Silesia  Works,  near  Lipine,^  the  older  furnaces,  working 
with  flat  grates  and  blast  in  the  ashpit,  contained  each  24  muffles, 
21*6  inches  high  and  7*2  inches  broad.  The  charge  of  a  furnace 
amounted  to  4,116  lb.,  yielding  an  output  of  917  lb.  of  zinc  per  24 
hours.  For  each  cwt.  of  zinc,  48  cubic  feet  of  coals  and  010  muffle 
were  consumed. 

Furnaces  Fired  with  Gas 

Modem  furnaces  in  Upper  Silesia  fired  by  gas  consume  at  present 
some  10  cwts.  of  coal,  of  which  7  cwts.  is  xxsed  as  fuel,  for  each  cwt.  of 
zinc  produced,  the  charge  containing  20  per  cent,  of  zinc,  and  the 
average  weight  of  charge  to  each  muffle  being  227  lb.  The  weight 
of  coal  used  for  reduction  amounts  to  about  40  per  cent,  of  the 
weight  of  the  ore,  or  about  2*8  cwts.  per  cwt.  of  zinc.  Of  this  coal, 
1  cwt.  consists  of  cinders  or  of  coke  from  the  gas  producers.  In 
1870,  the  consumption  of  coal  amounted  to  19*16  cwts.,  and  in  1880 
to  12*41  cwts.  per  cwt.  of  zinc.  Rather  less  than  4  cwts.  of  clay  are 
consumed  to  each  ton  of  zinc.  For  each  13  or  14  muffles  1  workman 
is  required  per  24  hours,  or  4  to  5  men  for  the  production  of  1  ton 
of  zinc  in  this  time.  The  loss  of  zinc  amounts  to  25  to  30  per  cent. 
The  residues  of  distillation  contain  3  to  3*5  per  cent,  of  zinc.  Of 
the  above  loss,  12  to  15  per  cent,  is  due  to  the  zinc  retained  in  the 
residues  and  10  to  15  per  cent,  to  volatilisation.  Each  muffle  yields 
10  to  12  cwts.  of  crude  zinc. 

At  the  Hohenlohe  Works,  in  Upper  Silesia,  where  single- 
storied  furnaces  with  32  muffles  are  used,  each  22  inches  high, 
6  inches  wide,  4  feet  9  inches  long  over  the  gas  shafts,  the  others 
being  5  feet  5  inches  long,  the  charge  consists  of  17  cwts.  of  calcined 
blende,  containing  42  to  45  per  cent,  of  zinc,  5  cwts.  of  calamine  in 
small  pieces,  containing  26  to  32  per  cent,  of  zinc  and  21  cwts.  of 
calamine  slimes,  containing  14  to  16  per  cent,  of  zinc,  or  altogether 
2-3  tons  of  ore ;  the  yield  in  24  hours  amounts  to  1,080  lb.  of  zinc. 
During  this  period  3  tons  7  cwts.  of  coal  were  consumed  in  the  pro- 
cess, or  6*83  lb.  of  fuel  to  the  lb.  of  crude  zinc. 

At  the  Silesia  Works,  near  Lipine,*  there  are  at  present  furnaces  in 
use,  which  are  built  with  two  gas  shafts,  to  cjirry  32  to  40  muffles,  16  or 
20  respectively  on  either  side.  There  is  a  separate  producer  to  each 
furnace.     The  air  employed  for  combustion  is  blown  in  by  means  of 

>  Berg-  und  HiUtmm,  Ztg.,  1867,  p.  340. 

*  Kindly  communicated  by  the  factory  inspector,  Scherbening,  of  Lipine. 
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a  fan  and  mixed  with  gas,  1  foot  8  inches  below  the  upper  edge  of 
the  shaffcs.  The  dimensions  of  the  muffles  and  their  thicknesses  are 
shown  in  Figs.  189  and  190.  The  fragments  of  muffles  are  obtained 
by  grinding  old  muffles  down  to  a  mesh  of  0*23  to  0-27  inch.  The 
^  ^  charge  consists  of  25  to 

45  parts  of  calamine  and 

/f=^  £^|  ♦      ^ ^   ?       75  to  55  parts  of  calcined 

blende,  according  to  the 
quantities  of  these  re- 
spective ores  that  may 
happen  to  be  available. 
Pio.  190.  Fio.  189.  "    The  reducing  agent  con- 

sists of  cinders,  the 
quantity  of  which  amounts  to  45  to  47  per  cent,  of  the  weight 
of  the  ores.  The  charge  for  a  muffle  amounts  to  198  lb.  The 
period  occupied  in  distillation  is  16  to  17  hours,  that  for  the 
remaining  operations  7  to  8  hours.  A  muffle  will  last  between  35 
and  47  days,  depending  chiefly  upon  the  age  of  the  furnace,  and 
therefore  upon  the  greater  or  lesser  solidity  of  the  muffle  seat,  and 
upon  the  ratio  of  zinc  blende  contained  in  the  charge,  zinc  blende 
requiring  a  higher  temperature  than  calamine.  The  output  of  a 
furnace  in  24  hours  amounts  to  6,350  lb.  of  ore  for  32  muffles  and 
7,940  lb.  for  40.  The  consumption  of  fuel  per  ton  of  ore  varies 
from  1  to  12  tons;  per  ton  of  zinc  it  amounts  to  5*5  tons.  The  fuel 
used  is  partly  duff,  partly  very  slaty  coarse  coal ;  the  consumption 
of  reducing  agent  amounts  to  2  tons  per  ton  of  zinc,  and  2 
muffles  are  destroyed  per  ton  of  zinc.  The  output  of  zinc 
is  77  to  80  per  cent,  of  that  present  in  the  ore,  or  20  per  cent 
of  the  weight  of  the  latter.  The  loss  of  zinc  varies  from  20  to  23 
per  cent. 

At  the  Paul  Works,  near  Rosdzin,  there  are  at  present  in  use 
Siemens  furnaces  and  gas-fired  furnaces  using  blast  in  the  ashpit. 
Each  furnace  has  its  own  producer  and  one  or  two  heating  shafts. 
The  number  of  muffles  amounts  to  32.  Air  is  introduced  below  the 
grate  of  the  producer  by  means  of  a  fan  in  order  to  generate  gas,  ji? 
also  under  the  body  of  the  furnace  to  bum  the  gases.  The  muffle? 
are  made  of  a  mixture  of  65  per  cent,  of  clay  and  35  per  cent.  o( 
muffle  fragments.  The  ore  mixture  contains  30  per  cent,  of  calcined 
blende  and  70  per  cent,  of  calcined  calamine ;  the  reducing  agent- 
cinder — amounts  to  40  per  cent,  of  the  weight  of  the  ore.  Each 
muffle  takes  a  charge  of  2  cwts.  The  time  required  for  treating  a 
charge,  including  recharging  the  muffles,  is  24  hours.     The  muffles 
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will  stand  fix)m  40  to  50  days.  A  furnace  with  32  muffles  will  treat 
on  the  average  3  tons  of  ore  in  24  hours,  extracting  8  to  10  cwts.  of 
zinc  The  consumption  of  fuel  in  this  time  amounts  to  about  4  tons 
=  1-33  tons  of  coal  per  ton  of  ore,  or  8  to  10  parts  of  coal  to  1  part 
of  zinc.  The  output  of  zinc  is  about  13  per  cent,  of  the  weight  of  the 
ore,  the  loss  of  zinc  amounting  to  21  per  cent. 


Furnaces  with  BegenercUors 

The  distillation  furnace  at  Freiberg,  on  the  Siemens  principle, 
has  32  muffles  disposed  in  two  rows  of  16  each ;  they  are  5  feet 
2  inches  long,  9 J  inches  wide,  and  19i  inches  high.  The  charge  for 
a  muffle  consists  of  1  cwt.  of  calcined  blende,  containing  33  per  cent, 
of  zinc,  and  25  per  cent,  of  lignite  coke.  The  process  of  distillation 
lasts  24  hours,  the  consumption  per  cwt.  of  blende  amounting  to  5*3 
cubic  feet  of  fuel.  The  weekly  output  of  the  furnace  is  2^  tons  of 
zinc  and  5  cwts.  of  zinc  fume,  containing  90  per  cent,  of  zinc.  The 
output  of  zinc  amounts  to  70  per  cent.  The  distillation  residues 
contain  10  per  cent,  of  zinc;  they  carry  silver,  and  are  smelted  with 
lead  for  the  extraction  of  the  silver. 

At  the  Paul  Works,  near  Rosdzin,  Siemens  furnaces  are  used 
carrying  60  to  72  muffles,  5  feet  7  inches  to  5  feet  11  inches  long. 
Two  producers  are  attached  to  each  furnace.  The  muffles  are  made 
of  a  mixture  of  65  per  cent,  of  clay  and  35  per  cent,  of  fragments  of 
old  muffles.  The  ore  charge  consists  of  30  per  cent,  of  blende  and 
70  per  cent,  of  calamine,  the  reducing  agent — cinder — amounting  to 
•to  per  cent,  of  the  weight  of  the  ore.  The  charge  for  a  muffle  con- 
sists of  220  to  242  lb.  The  total  period  of  distillation,  including 
the  necessary  operations,  amounts  to  24  houra.  A  muffle  lasts  40  to 
50  days  on  the  average.  A  fiimace  with  60  muffles  treats  6  tons  of 
ore  in  24  hours,  extracting  about  1  ton  of  zinc.  The  consumption  of 
fuel  during  this  period  amounts  to  61  tons  =1016  tons  per  ton 
of  ore,  or  6-1  tons  per  ton  of  zinc.  The  consumption  of  cinder  for 
reduction  amounts  to  8  cwts.  per  ton  of  ore,  or  2*4  tons  to  the  ton  of 
zinc.  The  consumption  of  muffles  amounts  to  1*35  per  ton  of  zinc. 
The  output  of  zinc  is  13  per  cent,  of  the  weight  of  the  ores.  The 
Siemens  furnaces  require  a  better  quality  of  fuel  than  is  needed  for 
ordinary  furnaces  using  blast  in  the  ashpit;  the  former,  however, 
work  more  uniformly  and  consume  less  fuel  than  do  the  latter.  The 
arivantage  of  the  Siemens  furnace  are  shown  from  the  following  table 


202 


METALLURGY 


of  the  working  results  of  the  grate-fired  furnace  and  the  Siemens 
furnace  at  the  Paul  Works  for  the  year  1895 : — 


Ore  treated  per  furnace  per  24  hours  . 
Consumption  of  fuelper  ton  of  ore .    . 
Consumption  of  muffles  per  5  tons  of  ore 
Percentage  of  zinc  extracted  from  the  ore 


Giate  f  arnace  with 

82  muffles. 

Tons. 

Siemena  farnace  with 

eOmaffles. 

Tods. 

.    .           3 

1-33 
B  .           1-6 
re.        13 

6 
1-016 

1 
13 

III.— Distillation  in  Belgo-Silesian  Furnaces 

In  these  furnaces  the  muffles  lie  in  two  or  three  horizontal  tiers. 
Firing  is  by  .gas,  except  in  Belgium,  where  long-flaming  coal  is 
available. 

In  the  newer  works  the  muffles  have  the  form  shown  in  Fig.  191. 
Their  length  in  the  clear  is  fix)m  4  feet  to  4  feet  7  inches,  the 
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width  6  to  6 J  inches,  the  height  10  to  12  inches,  and  the  thickness 
of  wall  1  inch  on  the  averaga  They  are  prepared  by  machinery. 
The  older  hand-made  muffles  are  5  feet  6  inches  long,  9  inches  wide, 
and  1  foot  5  inches  high.     The  material  from  which  these  are  made 

has  been  fully  described  above.  To  give 
examples :  at  the  Hambom  Works  it  con- 
sists of  60  parts  of  burnt  and  35  parts  of 
unbumt  Belgian  clay  and  5  parts  of  coke : 
at  the  Birkengang  Works,  near  Stolberg, 
it  consists  of  |  burnt  and  J  unbumt  Bel- 
gian clay;  and  at  Dortmund  of  2  parU 
of  burnt  clay,  1  part  of  unbumt  clay,  and 
^jy  part  of  powdered  coke.  The  crushing, 
mixing,  and  preparation  of  these  muffles, 
and  the  hydraulic  machines  used,  are  the 
same  as  described  above  under  the  Bel- 
gian furnaces,  and  the  drpng  of  the 
retorts  is  carried  out  as  explained  under 
the  Silesian  furnaces.  The  adapters  are 
usually  bellied  out  below,  as  shown  in 
Figs.  146  and  191.  They  are  made  as 
described  on  page  139.  The  nozzles  are  flat-lying  ones,  like 
those   used   in   the  Belgian  and  Silesian  furnaces.    Vertical  nozzle 
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cannot  be  employed,  since  the  lower  ones  would  interfere  with  the 
fixing  of  those  above.  Combined  horizontal  and  upright  nozzles,  like 
those  of  Steger,  may  be  employed.  Fig.  192  shows  the  method  of 
fixing  these.  The  gases  evolved  pass  through  the  openings  i,  where 
they  bum,  and  then  pass  on  through  the  flue  A  to  the  outside. 


The  Distillation  Furnaces 

Furnaces  with  grate-firing  are  still  used  in  Belgium,  but  in  Ger- 
many gas-firing  alone  is  employed.  An  old  grate-fired  furnace  is 
shown  in  Fig.  193,  where  x  are  the  upper  and  y  the  lower  muffles, 
and  z  the  adapters.  The  flame  passes  up  from  the  grate  r,  and 
envelopes  the  muffles,  and  escapes  through  flues  k  to  the  stack.    The 


.»Fio.  198. 

upper  muffles  are  4  inches  longer  than  the  lower,  their  dimensions 
being  6  feet  in  length,  10  inches  in  width,  and  1  foot  8  inches  in 
height.  Between  the  recesses,  which  are  3  feet  deep,  are  supports 
of  firebrick.  Siemens  firing  is  but  exceptionally  used  in  gas-fired 
farnaces.  In  most  of  these  furnaces  the  air  is  first  warmed,  either 
in  flues  in  the  gas  generator  or,  as  is  more  usual  at  present,  in 
regenerators.     Elach  furnace  holds  up  to  252  muffles. 

The  construction  of  a  gas  furnace  with  muffles  arranged  in  two 
tiers  is  shown  in  Figs.  194  and  195.  The  gas  is  produced  in  a 
Boetius  generator,  and  the  air  is  heated  in  the  flues  /,  the  two  being 
nixed  at  o,  where  the  gas  issues  from  the  generator.  The  flame  first 
■ises  to  the  roof,  and  then  descends  through  the  flues  a,  which  are 
}uilt  between  each  pair  of  recesses,  into  the  flue  ft,  which  conducts 
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the  products  of  combustion  into  the  stack ;  m  m  are  the  muffles  placed 
in  two  tiers  one  above  the  other. 

The  distillation  residues  are  dropped  into  the  shaft  R ;  when  these 
residues  are  being  drawn  out  from  the  lower  muffles,  the  tiles  that 
close  the  upper  portion  of  the  vertical  flues  are  removed,  and  when 
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the  residues  have  to  be  removed  from  the  upper  muffles,  the  tilcs 
R  are  removed  also.  The  Boetius  producer  has  given  satisfaotMir 
results,  and  is  being  successfully  used  at  the  works  in  the  Rhine 
Provinces. 

Fig.  196  shows  the  construction  of  a  furnace  with  three   tiers  of 
muffles ;  m  are  the  muffles,  v  are  the  adapters ;  the  lowermost  muffle « 
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lie  for  their  full  lengths  upon  the  hearth  and  project  for  some  2  inches 
into  the  recesses.  The  muffles  of  the  two  upper  tiers  are  also  sup- 
ported in  front  in  the  recesses,  their  back  ends  lying  upon  supports 
made  of  exceedingly  fireproof  material.  The  gas  which  is  developed 
in  the  producer,  not  shown  in  the  figure,  enters  through  the  flue  a 
into  the  vertical  shaft  h,  at  the  upper  end  of  which  it  is  burnt  by 
means  of  hot  air  there  introduced  from  the  outside  through  the 
flues  /.  The  quantity  of  aii*  can  be  regulated  by  means  of  dampers 
l\  at  the  mouth  of  the  latter.  Through  the  flues  /  the  air  passes 
into  the  flue  c,  and  from  the  latter  through  d  into  h.  The  flame  rises 
first  to  the  roof,  and  then  returns,  escaping  through  apertures  e  into 
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the  flue/,  thence  through  the  vertical  flue  g  into  the  large  horizontal 
Hue  A,  and  from  the  latter  into  the  flue  i  leading  to  the  stjick.  In 
its  passage  through  the  flue  h  the  products  of  combustion  surround 
the  air  flues  /  and  thus  heat  the  air  to  be  used  for  combustion. 

The  construction  of  a  furnace  of  the  most  recent  tj^)e  with  oval 
muffles,  such  as  are  at  present  in  use  in  the  Rhine  Provinces,  is  shown 
in  Figs.  197  to  201,^  Fig.  197  being  a  longitudinal  section  on  c  d, 
Fig.  198  a  fi^ont  elevation.  Fig.  199  a  cross  section  on  c  /,  Fig.  200 
a  sectional  plan  on  a  6,  and  Fig.  201  on  g  h\  m  are  the  muffles, 
V  the  adapters.  There  are  108  muffles  in  each  side  of  the  furnace 
block,  or  218  in  all.  There  is  a  gas  producer  v  at  each  of  the -short 
»  Diirre,  Ziele  und  Grenzen  der  Elekiro-metallurfjie,  p.  207,  Leipzig,  1896. 
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sides  of  the  furnace ;  the  air  for  the  combustion  of  the  producer  gas 
undergoes  previous  heating  in  the  walls  of  the  producer  as  indicated 
in  the  figures.  The  products  of  combustion,  after  heating  the  muffles, 
escape  through  the  vertical  flues  w  into  the  main  flues  z,  which  com- 
municate with  the  stacks. 


Fia.  199. 


Ft^  at  OH^ 


Pia/i  Hi  ff\ 


Figs.  200  and  201. 


Nolte  and  Beringhofen  ^  propose  to  efiect  the  uniform  heating-ot"^ 

direct-fired  Belgo-Silesian  furnaces  by  closing  the   otherwise  open 

.  generator  chamber  with  an  arch,  and  by  allowing  the  hot  gases,  after 

mixing  with  air,  to  pass  through  a  series  of  holes  on  each  side  of  the 

*  Zeitschr.fiir  das  Berg-,  Hiittenm-,  und  Salinenwesen,  vol.  xlviii.  p.  404. 
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arch.  Two  lines  of  flaiue  would  be  thus  formed,  and  the  retorts  would 
get  uniformly  heated. 

The  charge  for  the  Belgo-Silesian  furnaces  is  prepared  in  the 
same  manner  as  for  the  Belgian  and  Silesian  furnaces. 

Binon  and  Grandfils^  have  also  proposed  the  employment  of 
charges  mixed  with  tar  and  moulded  into  blocks  for  muffles. 
According  to  their  views,  by  the  employment  of  blocks  moulded  to 
the  shape  of  the  muffle,  50  per  cent,  more  charge  can  be  introduced 
ioto  it  than  by  the  ordinary  method  of  charging. 

Schulte  *  mixes  the  ore  before  addition  of  the  coal  with  3  per 
cent  of  tar.  Picard  and  Sulman  '  also  use  tar.  Each  muffle  receives 
a  chatge  of  firom  60  to  77  lb.,  the  upper  tiers  being  charged  first. 
The  process  of  distillation  resembles  the  Silesian  process,  with  slight 
differences  due  to  variation  in  the  construction  of  the  furnaces  and 
adapters.  Each  charge  takes  about  24  hours  to  work  off.  The  con- 
sumption of  coal  (for  reduction  and  heating)  and  clay,  in  the  case  of 
the  modem  furnaces  in  the  Rhine  Provinces  and  Westphalia,  is  3  to 
4  tons  and  440  lb.  respectively  per  ton  of  zinc,  for  ores  containing 
oO  per  cent,  of  zinc,  and  for  muffle  charges  of  75  lb.  One  workman 
is  required  for  13  to  14  retorts. 

Examples  of  Zinc  Extraction  in  Belgo-Silesian  Furnaces 

At  the  works  of  the  Berzelius  Company,  near  Gladbach,  there  are 
three  tiers  of  small  muffles ;  the  furnaces  are  gas-fired  and  the  air  is 
heated  in  regenerators.  A  fiimace  block  holds  208  muffles,  which  are 
♦-mptied  every  24  hours,  there  being  12  men  engaged  during  that 
time.  The  charge  consists  of  calcined  blende,  containing  52  per  cent. 
^  zinc,  and  of  cinder.  Each  muffle  receives  a  charge  of  55  lb.  of 
«^'  and  18  lb.  of  cinder.  The  charge  for  the  furnace  amounts  to 
6*2  tons  of  ore  and  1*664  tons  of  cinder,  the  output  per  24  hours 
^iounting  to  2*4  tons  of  zinc,  with  a  loss  of  10  to  13  per  cent. 
Muffles  will  last  from  45  to  60  charges.  For  each  cwt.  of  zinc  3*9 
p»t8.  of  coal  for  fuel  and  for  reduction  are  consumed. 

At  the  Neumiihl-Hambom  Works,  near  Oberhausen,  furnaces  are 
'ployed  with  producers  in  which  the  air  is  heated.     These  furnaces 

double  furnaces  containing  on  each  side  three  tiers  of  muffles,  each 
*w  containing  42  muffles  and  each  side  of  the  furnace  126,  so  that 

entire  fiimace  takes  252  muffles.  Each  such  furnace  has  two  pro- 
^•era,  one  at  either  end.     The  muffles  are  upon  the  average  4  feet 

'  ^rg.  nnd  HuiUnm,  Ztg.,  1883,  p.  198-211  ;  1882,  p.  531 ;  1881,  p.  27. 

*  U.S.  Pat.  718222,  January  13,  1903.     »  U.S.  Pat.  665774,  January  8,  1901. 
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7  inches  long,  6^  inches  broad,  and  12  inches  high  in  the  clear,  and 
are  made  of  a  mixture  of  about  30  parts  of  calcined  Belgian  clay,  35 
parts  of  raw  Belgian  clay,  and  5  parts  of  coke.  The  charge  consists 
chiefly  of  calcined  blende,  containing  53  to  55  per  cent,  of  zinc.  The 
coal  used  as  a  reducing  agent,  amounting  to  40  to  42  per  cent,  of  the 
weight  of  the  calcined  ore,  consists  of  coarse  siftings  ftx)m  the  lean 
coal  of  the  basin  of  the  Ruhr.  The  charge  for  a  muffle  consists  of  66 
to  73  lb.  of  ore  and  29  lb.  of  coal,  as  also  of  a  small  quantity  of 
skimmings  and  residues.  The  total  charge  for  a  double  furnace  con- 
sists of  7*6  to  8  tons  of  ore,  exclusive  of  the  skimmings  and  residues 
of  the  previous  day.  The  distillation  lasts  19  hours,  5  hours  being 
employed  in  cleaning  up  and  charging.  The  consumption  of  fuel 
amounts  to  12  tons  per  furnace  per  24  hours;  this  fuel  is  a  coal 
slack  giving  a  long  flame  and  containing  22  per  cent,  of  ash.  With 
a  good  quality  of  coal,  such  as  is  being  used  in  other  works  in  the 
Rhine  Provinces  and  Westphalia,  one-third  less  coal  would  be  required. 
For  ea^h  ton  of  zinc  3*6  tons  of  coal  are  used  for  fiiel  and  0*88  for 
reduction.  A  muffle  lasts  30  days  on  the  average,  8  muffles  being 
destroyed  per  day  per  furnace.  During  6  hours  in  which  the  muffles 
are  being  emptied  and  recharged  12  men  are  engaged;  during  the 
period  of  reduction  2  men,  who  work  a  12-hour  shift. 

At  the  MUnsterbusch  Works,  near  Stolberg,  furnaces  are  also  at 
work  provided  with  air  regenerators.  To  each  furnace  block  there 
are  two  producers,  one  at  either  short  end.  There  are  three  tiers  of 
muffles  of  80  each,  or  240  altogether.     The  latter  are  4  feet  to  4  feet 

7  inches  long,  and  take  a  charge  of  75  lb.  of  calcined  ore  and  31  lb. 
of  coal.  They  are  made  of  a  mixture  of  60  per  cent,  of  burnt  and 
40  per  cent,  of  raw  Belgian  clay,  to  which  coke  dust  is  added.  The 
zinc  contents  of  the  charge  amount  to  52  to  54  per  cent.,  a  lean  coiil 
being  used  as  the  reducing  agent,  and  its  weight  being  40  per  cent, 
of  that  of  the  calcined  ore.  The  time  required  for  distillation,  in-j 
eluding  that  of  charging,  is  24  hours.     Each  block  will  treat  sonie| 

8  tons  of  calcined  ore  in  this  time,  with  a  consumption  of  8*5  to  9*2| 
tons  of  coal  as  fuel.  For  1  ton  of  zinc  about  2*5  tons  of  coal  are  usckI! 
for  fuel  and  1  ton  for  reduction.  A  muffle  will  last,  according  to  th 
quantity  of  iron  and  coke  contained  in  the  charge,  from  40  to  50  day 
A  furnace  block  with  240  muffles  requires  14  fumacemen,  workin 
for  8  hours,  2  firemen  working  for  12  hours,  2  lads  working  for  1 
hours,  and  1  labourer  for  wheeling  ore,  coal,  and  residues. 

At  the  Birkengang  Works,  near  Stolberg,  furnaces  on  the  Siemeni 
principle  were  in  use  containing  three  tiers  of  muffles.  They  were  buill 
together  in  pairs,  their  longer  sides  adjoining.     Each  row  consisti^l 
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of  18  muffles,  so  that  the  double  furnace  contained  54  muffles  on 
either  side,  or  108  altogether.  The  charge  consisted  of  blende, 
and  contained  52  to  53  per  cent,  of  zinc.  The  total  ore  charge  of  a 
double  furnace  amounted  to  4*9  tons.  The  distillation  lasted  24  hours, 
12  tons  of  fuel  being  consumed  to  each  ton  of  ore.  The  men  em- 
ployed per  furnace  per  24  hours  numbered  10,  who  worked  10  hour 
shifts.    A  muffle  lasted  on  the  average  40  days. 

Losses  of  Zinc  in  Treating  Zinc  Ores  in  Retorts  and  Muffles 

As  has  been  repeatedly  stated,  the  losses  of  zinc  in  the  process  of 
distillation  are  very  high  compared  to  the  losses  in  the  extraction  of 
uther  metals.    They  amount  to  10  to  25  per  cent,  of  the  zinc  contents 
of  the  ore,  and  only  in  very  exceptional  cases  fall  below  10  per  cent. 
In    the    Rhine    Provinces,   Westphalia   and    Belgium,  where   ores 
averaging  45   per  cent,  of  zinc  are   treated  in  retorts  and  small 
muffles,  the  losses  average  some  12  per  cent,  of  the  zinc  contents  of 
the  ore.    In  Upper  Silesia,  where  ores  containing  20  per  cent,  of  zinc 
are  worked  in  large  muffles,  they  amount  to  25  per  cent,  of  the  zinc 
contents  of  the  ore.     In  Freiberg,  where  blende  containing  30  to  31 
per  cent,  of  zinc  is  worked  in  small  Silesian  muffles,  they  amount  to 
18  per  cent.     The  loss  of  zinc  at  the  works  of  the  Vieiile  Montagne 
at  Angleur,  in  Belgium,  amounts  to  10  per  cent. ;  at  the  Bleyberg 
works,  in  Belgium,  to  13  to  14  per  cent. ;  at  MUnsterbusch,  near 
Stolberg,  to  10  per  cent. ;  at  Bergisch-Gladbach  to  10  to  13  per  cent. ; 
at  the  Wilhelmina  Works  in  Upper  Silesia  to  21  per  cent. ;  and  at 
many  other  works  in  that  district  to  25  per  cent.     These  losses  are 
due  to  the  passage  of  zinc  into  the  material  of  which  the  retorts 
consist,  the  escape  of  zinc  through  the  pores   of  the   retorts,  and 
thmugh  cracks  in  the  retorts,  or  from  the  retort  breaking  completely, 
through  the  escape  of  uncondensed  zinc  out  of  the  adapters,  through 
zinc  remaining  behind  in  the  retort  residues,  and  through  the  escape 
of  zinc  vapours  when  the  residues  are  being  removed  from  the  retorts. 
The  source  of  greatest  loss  is  the  retention  of  zinc  by  the  distil- 
lation residues ;  next  to  that  comes  loss  by  volatilisation.     Retorts 
newly  introduced  into  the  furnace  only  give  their  normal  output  of 
zinc  after  the  lapse  of  several   days,  because  their  walls  absorb  a 
certain  quantity  of  zinc  at  first.     This  metal  combines  with  the  clay 
of  the  retort  to  form  an  aluminate — an  artificial  zinc  spinel.     This 
Cf^mpound  gives  the  material  of  the  retorts  the  well-known  blue 
colour.     The  average  zinc  contents  of  old  retorts,  no  longer  fit  for  use, 
amounts  to  6  per  cent.     It  may,  however,  as  has  been  shown  at  the 
VOL.  II  r 
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Bethlehem  Works  in  Pennsylvania,  rise  to  21  per  cent.  According  to 
Jensch,^  seven  samples  of  broken  retorts  from  Upper  Silesian  works 
contained  the  following  quantities  of  zinc  oxide  (per  cent.): — 17*64, 
16-38,  1411,  18-21, 16-63,  1318, 15*96.  The  mean  of  these  is  1602, 
and  this  corresponds  to  12*87  per  cent  of  zinc.  By  the  addition  of 
coke  to  the  material  of  which  the  retorts  are  made,  and  by  their 
manufacture  under  heavy  pressure,  the  absorption  of  zinc  has  been 
greatly  reduced  at  the  works  on  the  Rhine  and  in  Belgium.  Retorts, 
especially  when  not  made  under  heavy  pressure,  are  porous,  and  allow 
zinc  vapour  to  escape  through  their  pores  owing  to  the  pressure  in  the 
retort  during  the  process  of  distillation.  These  vapours  escape  into 
the  furnace  and  pass  away  with  the  products  of  combustion.  If  the 
pressure  in  the  retorts  is  low,  and  that  of  the  burning  gases  inside 
the  furnace  high,  these  gsises  and  air  penetrate  into  the  retorts 
through  the  walls  of  the  latter,  and  exert  an  oxidising  action  upon 
the  zinc  vapours  in  consequence  of  the  oxygen  and  carbon  dioxide 
which  they  contain.  In  order  to  avoid  these  defects,  the  retorts  have 
been  glazed,  but  this  method  has  been  shown  to  be  less  effective  than 
that  of  manufacturing  retorts  under  hydraulic  pressure.  In  fact,  this 
method  of  manufacturing  retorts  must  be  looked  upon  as  an  important 
improvement  in  the  direction  of  diminishing  the  losses  of  zinc  due 
to  the  porosity  of  the  retorts.  Great  losses  of  zinc  are  caused  by 
the  cracking  or  breaking  of  the  retorts,  as  in  these  cases  zinc  vapours 
escape  freely  from  the  retorts  into  the  furnace,  and  where  regenerators 
are  used,  may  cause  the  passages  in  the  latter  to  be  stopped  up.  The 
loss  of  zinc  due  to  this  cause  is  greater  the  lower  the  durability  of 
the  retorts.  Upon  the  average,  retorts,  as  also  both  small  and  large 
muffles,  last  some  40  days.  Out  of  100  retorts  in  use,  2  are  broken 
per  diem  at  Angleur  in  Belgium  ;  3  in  Ampsin  in  Belgium ;  2  (small 
muffles)  at  MUnsterbusch ;  2*5  (large  muffles)  at  Hohenlohe ;  2*6 
(large  muffles)  at  the  Silesia  Works  in  Lipine.  The  fact  that  retorts 
and  small  muffles  manufactured  under  pressure  in  Belgium  and  the 
Rhine  districts  are  not  more  durable  than  the  large  ones  made  bv 
hand  in  Silesia  is  due  to  the  circumstance  that  retorts  and  small 
muffles  are  only  supported  at  their  two  ends  and  have  to  resist  a  verj' 
intense  heat.  Nevertheless  the  durability  of  retorts  and  small 
muffles  is  increased  markedly  in  consequence  of  this  method  of 
manufacture,  seeing  that  their  average  life  used  formerly  only  to  hv 
25  days.  The  loss  of  zinc  due  to  the  escape  of  its  vapour  from  thf 
adapter  has  been  diminished  to  some  extent  by  improvements  in  the 

'  Op.  cit»  p.  216. 


ZINC  211 

latter,  such  as  those  of  Kleeman,  Dagner  and  Steger,  but  is  still  very 

considerable.  The  loss  due  to  the  escape  of  zinc  vapour  from  the  retorts 

whilst  the  residues  are  being  removed  from  the  latter  has  not  been 

avoided  up  to  the  present.     It  is  generally  assumed  that  the  loss  due 

to  volatilisation  of  zinc  owing  to  the  above  causes,  amounts  to  half  of 

the  total  loss.     The  loss  of  zinc  due  to  the  remaining  of  metal  in  the 

distillation  residues  in  the  retorts  is  also  very  high,  seeing  that  these 

contain  2  to  8  per  cent,  of  zinc.     This  loss  is  greater,  the  less  the 

zinc  contents  of  the   ore.      In   Upper  Silesia,  where    the  average 

proportion  of  zinc  in  the  ore  treated  amounts  to  20  per  cent.,  the 

retort  residues  are  not  allowed  to  retain  more  than  3  to  4  per  cent,  of 

zinc ;  whilst  in  Belgium  and  the  Rhine  Provinces,  where  the  ores 

average  45  per  cent,  of  zinc,  it  may  average  4  to  5  per  cent.     The 

zinc  which  enters  the  retorts  in  the  form  of  sulphide  is  not  reduced, 

and,  therefore,  increases  the  zinc  contents  of  the  residues.     Dead 

roasting  of  zinc  blende  is,  therefore,  an  indispensable  condition  for 

good  working.  According  to  Firket  the  distillation  residues  from  the 

Belgian  furnaces  for  the  year  1898,  contained  on  an  average  41  per 

cent,  of  zinc,  5*5  of  lead  and  0*0209  of  silver,  and  their  weight 

amounted  to  65  to  70  per  cent,  of  the  ore  and  other  zinciferous 

materials  treated.     In  a  Belgian  works  680  cwts,  of  residues  were 

obtained  from  1,000  cwts.  of  charge,  made  up  of  460  cwts.  of  roasted 

blende,  410  cwts.  of  calcined  calamine,  and  130  cwts.  of  zinc-bearing 

refuse.  This  was  mixed  with  400  cwts.  of  coal,  for  reduction  purposes, 

containing  9  percent,  of  ash,  8*5  of  volatile  matter,  and  82*5  per  cent. 

of  fixed  carbon.     The  composition  per  cent,  of  the  charge  was : — 

zinc  40  to  50,  lead  6  to  7,  silver  0004  to  0005, iron  15  to  18, sulphur 

1  to  1'5,  and  the  residues  contained :  zinc  sulphide  4,  zinc  sulphate 

009,  metallic   lead  3*1,  silver  0006,  lead  oxide  1*91,  metallic  iron 

569,  sulphide  of  iron  2*48,  ferrous  and  ferric  oxide  15*57,  carbon  1807, 

besides  silica,  alumina,  lime,  magnesia,  and  traces  of  lead   sulphate. 

The  oxides  of  iron,  lead,  lime,  magnesia  and  alumina  were  combined 

with  silica.     It  is  especially  noteworthy  that  there  was  no  zinc  oxide 

present  in  the  residues. 

In  America,^  the  ores  used  contain  60  to  70  per  cent,  of  zinc,  and 
the  residue  at  but  few  works  contains  under  7  per  cent,  of  zinc.  Before 
the  introduction  of  gas-firing  the  percentage  was  10  to  12.  The 
slags  formed  in  the  retorts  from  the  coal  ash  and  the  gangue  of  the 
ore,  only  contain  a  little  zinc  as  oxide ;  probably  a  portion  is  present 
as  sulphide.     The  following  analysis  of  a  retort  slag  is  given  by 

^  Ingalls,  op.  cit.  p.  638. 
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Bissman,^  from  a  works  near  Pittsburg,  at  which  mixtures  of  zinc 
blende  and  Smithsonite  ores  are  smelted. 

Per  cent.  Per  cent. 

Silica 69*72  Magnesia 1-S4 

Alumina 10"08  Sodium  oxide ....      3*44 

Ferrous  oxide   .    .    .        9*03  Zinc 2*40 

Lime 617  Sulphur 0*91 

Rissman  assumes  that  all  the  sulphur  is  combined  with  zinc,  so 
that  there  remains  only  0"68  per  cent,  of  zinc  oxide.     The  sodium 
in  the  slags  arises  from  the  retort  glaze.    Further  analysis  of  slags  by 
Rissman  give  3  to  7*42  per  cent  of  zinc.     Thus  it  appears  that  slags 
containing  much  silica  are  only  able  to  take  up  small  quantities  of 
zinc  oxide.     In  spite  of  the  very  high  losses  of  zinc  which  still  obtain, 
the  advances  that  have  been  made  towards  their  diminution  deserve 
recognition :  and  it  must  not  be  forgotten  that  whilst  in  the  Rhine 
Provinces,  Belgium  and  Westphalia,  where  retorts  and  small  muffles 
are  used,  treating  ores  with  45  per  cent  of  zinc,  the  loss  of  zinc  with 
good  working  formerly  amounted  to  18  to  22  per  cent.,  at  present  it 
does  not  exceed  10  to  13  per  cent.     On  account  of  the  poorer  ore 
treated  in  Upper  Silesia,  the  losses  in  that  Province  are  naturally  far 
higher  than  on  the  Rhine  or  in  Belgium.     If  the  zinc  contents  in  the 
distillation  residues  be  assumed  to  average  4  per  cent.,  as  is  the 
case  on  the  Rhine  and  in  Silesia,  the  ores  of  the  Rhine  containing 
40  per  cent,  of  zinc  would  thus  lose  10  per  cent.,  whilst  in  Upper 
Silesia,  where  the  charge  contains  a  minimum  of  18  per  cent.,  the 
loss  would  amount  to  23  per  cent. 

Data  for  Calculating  the  Cost  of  the  Distillation  of  Zinc 

The  costs  of  zinc  distillation  comprise  the  costs  of  fuel,  clay, 
wages  and  repairs.  Under  the  Belgian  method,  ores  containing  50 
per  cent,  of  zinc  are  treated,  and  with  a  charge  of  63  lbs.  per  retort 
3  to  4  tons  of  coal  are  at  present  consumed  per  ton  of  zinc,  whereas 
the  consumption  formerly  amounted  to  7  to  8  tons.  The  consump- 
tion of  fire-clay  amounts  to  4  cwts.  per  ton  of  zinc,  including  the  clay 
required  for  retorts,  adapters,  fire-bricks  and  furnace  repairs.  One 
man  is  required  per  24  hours  to  each  14  retorts,  or  5*8  men  to  the 
ton  of  zinc.  In  the  Belgo-Silesian  process,  with  several  tiers  of 
small  muffles  one  above  the  other,  taking  charges  of  75  lbs.  per 
muffle,  in  Belgium,  the  Rhine  Provinces  and  Westphalia,  ores  with 
40  to  50  per  cent,  of  zinc  consume  the  same  amounts  of  coal  an<l 

1  Ingalls,  Ihid. 
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fire-clay  per  ton  of  zinc   as   in  the  Belgian  furnace.     One  man  is 

required  per  24  hours  for  13*3  muffles,  or  4*8  men  to  the  ton  of  zinc. 

In  the  Silesian  process,  with  large  muffles  lying  in  one  row,  and 

taking  charges  of  227  lbs.  each,  the  ores  averaging  20  per  cent,  of  zinc, 

the  actual  consumption  of  coal  used  per  ton  of  zinc,  including  that 

required  for  reduction,  amounts  to  10  tons,  of  which  7  are  consumed 

in  heating.     The  coal  used  for  reduction  amounts  to  40  per  cent,  of 

the  weight  of  ore,  that  is,  2'8  tons  are  used  to  1  ton  of  zinc.    Of  this, 

part  is  cinder  and  coke  from  the  gas  generators.     In  1870  the  coal 

consumption  per  ton  of  zinc  was  19*16  tons,  and  even  in  1880  it 

amounted  to  12*41  tons.     The  consumption  of  clay  is  somewhat  less 

than  in  Belgium  and  on  the  Rhine,  being  about  4  cwts.  per  ton.     In 

24  hours  1  man  is  required  for  every  13*6  muffles,  or  4*5  men  for 

1  ton  of  zinc.     With  regard  to  the  labour  required  about  the  furnaces 

of  the  various  systems,  it  must  be  remembered  that  after  the  furnace 

has  been  emptied,  cleaned  and  re-charged,  which  takes  place  once 

in  24  hours,  it  also  requires  firing,  and  wheeling  in  ore  and  coal,  as 

also  wheeling  out  the  various  products  and   residues.     Emptying, 

cleaning,  and  re-charging  the  muffles  of  a  furnace  takes,  for  example, 

6  to  8  hours  for  a  Belgo-Silesian  furnace,  so  that  the  working  time 

of  the  actual    fumacemen   does   not  much  exceed  this  period.     A 

Belgo-Silesian  furnace  block,  containing  200  to  240  retorts,  would 

require,  for  example,  per  24  hours,  12  to  14  fumacemen  working  6 

to  8  hours  each ;  2  firemen,  1  per  12  hours ;  2  helpers  (16  to  17 

years  old),    1  per  12  hours ;  and   1   labourer  for  wheeling  in  and 

wheeling  out  various  materials,  working  12  hours.     This  makes  17 

to  19  workmen  for  240  retorts  per  24  hours,  or  1  man  for  12*6  to  14 

nitorts.     The  conditions  in  Belgium  and  Upper  Silesia  ^  are  somewhat 

similar. 


Extraction  of  Zinc  from  Furnace  Products 

The  furnace  products  rich  in  zinc  which  form  the  object  of  zinc 
extraction  are  the  following : — Zinc  fume  (poussi^re)  ;  zinciferous  flue 
dust ;  residues  from  the  adapters  and  distillation  apparatus ;  so-called 
furnace  calamine,  or  furnace  accretions  and  deposits  containing  zinc, 
which  are  formed  when  lead,  copper,  silver  and  iron  ores  containing 
zinc  are  smelted ;  zinciferous  skimmings,  and  calcined  zinciferous  silver 
ores.     Among  the  bye-products  may  be  named  zinc-silver  alloys,  zinc- 

^  IngallB,  op.  cU,,  p.  595. 


214  METALLURGY 

lead-silver  alloys,  and  zinc-copper-lead-silver  alloys.  As  a  rule  these 
substances,  with  the  exception  of  the  various  alloys  of  zinc  with  lead 
and  the  noble  metals,  from  which  the  zinc  is  obtained  as  a  bye-pro- 
duct, are  added  to  the  charge  during  the  zinc  distillation,  if  necessary 
after  undergoing  suitable  preparation.  The  above  substances  are  but 
rarely  treated  by  themselves  in  the  retorts  of  zinc  distillation  furnaces, 
as  a  less  pure  zinc  would  thus  be  produced.  Zinc  fume  is  treated  in 
some  works  in  special  furnaces  for  the  extraction  of  zinc  ;  zinc  fume, 
or  poussiere,  is  pulverulent  metallic  zinc,  which  generally  contains 
certain  amounts — 8  to  10  per  cent. — of  oxide  of  zinc,  as  also  cadmium, 
arsenic,  antimony,  lead  and  other  substances  volatilised  from  the 
charge  of  the  zinc  distillation  furnace.  The  zinc  oxide  mixed  with 
it  is  produced  by  the  action  of  air  and  moisture  upon  the  finely  divided 
metallic  zinc  at  the  commencement  of  the  process  of  distillation. 
This  zinc  fume  is  found  in  the  adapters,  nozzles  and  other  condensing 
arrangements  of  the  distillation  furnace.  It  is  generally  added  to 
the  charge  of  the  distillation  furnace  in  such  pix)portion  that  its 
impurities  may  be  distributed  over  large  quantities  of  zinc,  and  thus 
have  a  less  injurious  effect  upon  the  properties  of  the  metal.  On 
account  of  its  easy  reducibility,  it  is  treated  in  those  vessels  which 
are  least  exposed  to  the  action  of  heat.  If  zinc  fume  is  treated  by 
itself  in  distillation  furnaces,  zinc  of  an  inferior  quality  is  obtained, 
which  is  either  mixed  in  with  large  quantities  of  pure  zinc,  or  is 
sent  into  the  market  as  zinc  of  an  inferior  quality.  In  this  case  the 
zinc  fume  is  charged  either  into  the  less  strongly  heated  vessels  in  the 
distillation  furnace — that  is  to  say,  in  the  case  of  Silesian  furnaces 
with  several  tiers  of  muffles  into  the  lowermost  muffles,  or  in  the  case 
of  single  Belgian  furnaces  into  the  topmost  tier — or  else  it  is  treated 
when  considerable  quantities  have  accumulated  by  itself  in  ordinary 
distillation  furnaces,  the  vessels  in  which,  in  this  case,  are  charged' 
for  a  certain  time  with  zinc  fume  alone. 

According  to  Massart,^  at  the  works  of  the  Nouvelle  Montagne  at 
Engis,  in  Belgium,  there  were  produced  during  a  38  day  campaign 
of  the  distillation  furnaces  from  43  tons  16  cwts.  of  zinc  fume,  con- 
taining 81  per  cent,  of  zinc,  33  tons  14^  cwts.  of  crude  zinc,  with 
a  loss  of  zinc  of  5  per  cent.,  and  a  consumption  of  3,220  cubic  feet  ol 
coal  for  fuel,  and  537  cubic  feet  for  reduction.  The  furnace  treatt'J 
24  cwts.  of  zinc  fume  and  14  cubic  feet  of  coal  in  24  hours.  Beforfl 
charging  the  furnace  was  cooled  down  to  a  dull  red  heat;  durinj 
the  distillation  the  fire  was  kept  moderately  low  in  order  to  preveni 
'  Jiev,  Univers.  des  Mines^  vol.  xkx.,  p.  201. 
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the  charge  from  becoming  pasty,  as  happens  when  the  temperature 
is  higher.  The  condensed  zinc  was  removed  seven  times  per  day  from 
the  adapters;  in  order  to  prevent  zinc  from  running  out  from  the 
adapters,  the  nozzles  had  to  be  removed  from  the  latter,  and  they 
were  plugged  by  means  of  clay.  A  special  method  of  extracting  zinc 
from  zinc  fume,  which  has,  however,  been  given  up  at  the  present 
day  at  most  zinc  works,  consists  in  melting  the  zinc  out  of  the  fume 
in  the  so-called  Montefiore  furnace.  This  can  be  done  by  pressing 
together  at  a  moderately  high  temperature  the  separate  fluid 
particles  of  zinc,  when  they  unite  to  a  fluid  mass,  only  retaining 
small  quantities  of  oxide  of  zinc,  whilst  the  greater  portion  of  the 


t  H 
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oxide  is  separated  out.  The  melting  is  perfonned  in  furnaces  con- 
taining two  rows  of  vertical  muffles  made  in  the  shape  of  a  boot  open 
at  the  toes.  After  the  zinc  fume  has  been  charged,  a  clay  piston 
attached  to  an  iron  rod  is  inserted  into  the  leg  of  the  boot.  By  the 
pressure  of  this  piston  upon  the  heated  zinc  fume,  fluid  zinc  is 
expressed  from  it,  and  flows  out  through  this  openings  at  the  toe  of 
the  boot  The  constructions  of  these  furnaces,  known  as  the  Monte- 
fiore furnace,  after  their  inventor,  is  shown  in  Figs.  202  and  203,  in 
which  t  are  the  clay  boots,  which  are  disposed  in  two  rows  in  the 
interior  of  the  furnace,  and  separated  by  the  partition  wall  s.  These 
boots  are  28 J  inches  high,  7*2  inches  inside,  and  9 J  inches  outside 
diameter.  The  heating  chamber  is  6  feet  8  inches  long,  3  feet 
5  inches  broad,  and  28 J  inches  high ;  a  are  the  movable  clay  pistons 
^\  inches  high  and  6 J  inches  in  diameter,  and  m  are  the  iron  rods 
to  which  they  are  attached ;  o  are  the  openings  through  which  the 
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zinc  runs  out  or  can  be  tapped  out  from  the  boots ;  r  is  the  grate 
5  feet  8  inches  long  and  18^  inches  wide,  irom  which  the  flame 
enters  the  furnace  chamber  through  openings  b,  3  inches  wide,  and 
after  having  surrounded  the  boots,  escapes  through  the  flue  z  into 
the  stack  v.  At  the  Silesia  Works  in  Upper  Silesia  a  furnace  was 
heated,  not  by  a  separate  grate,  but  by  the  spare  heat  of  the  zinc 
distillation  fumacea  The  number  of  boots  in  a  furnace  varied  from 
8  to  12,  there  being  12  in  the  Figure  shown  above.  The  charge  for 
a  boot  amounts  to  about  44  lbs.  of  zinc  fume.  After  heating  for 
three  hours,  the  zinc  will  be  in  the  fluid  condition.  Pressure  is  now 
applied,  whereby  the  zinc  is  collected  in  the  bottom  of  the  boot  and 
can  be  tapped  out  through  the  above-named  openings.  At  Corphalie 
in  Belgium,  a  furnace  of  this  kind  treated  from  14  to  18  cwts.  ot 
zinc  fume  in  12  hours,  with  a  consumption  of  116  to  155  cubic  feet 
of  fuel,  and  a  zinc  extraction  equal  to  85  to  86  per  cent.  At  the 
Silesia  Works,  the  output  of  zinc  in  Montefiore  furnaces  heated  bv 
waste  heat  amounted  to  85  to  86  per  cent.  Zinc  obtained  from  the 
Montefiore  furnaces  is  exceedingly  brittle  in  consequence  of  the 
amount  of  zinc  oxide  which  it  contains.  For  this  reason  the  treat- 
ment of  zinc  fume  in  these  furnaces  has  been  given  up  in  most  works 
in  favour  of  its  treatment  together  with  zinc  ores  in  the  distillation 
furnaces. 

Zinciferous  flue  dust  is  also  added  to  the  charges.  Should  it, 
however,  contain  considerable  quantities  of  lead,  it  may  be  treated 
with  sulphuric  acid  in  order  to  obtain  the  zinc  in  solution  in  the 
form  of  white  vitriol,  whilst  the  leady  residue  is  smelted  for  lead. 
This  method  is  adopted  at  the  Julius  and  Sophia  Works  in  Goslar. 
Zinc-bearing  flue  dust  from  the  blast  furnaces  in  Upper  Silesia 
contained :  ^ — 


Silica 

Zinc  oxide  .  .  . 
Lead  oxide  .  .  . 
Ferrous  oxide  .  . 
Ferric  oxide  .  . 
AluiTiina  .... 
Manganous  oxide 

Lime 

Sulphur  trioxide 
Sulphur  .... 
Chlorine  .... 
Carbon 


I. 

n. 

23-64 

.  .  .    26-98 

28-22 

.  .    21-37 

8-72 

.  .     6-55 

22-96 

.  .    26-60 

trace 

.  .      — 

0-30 

.  .     0-62 

2-58 

.  .     3-58 

trace 

.  .     — 

0-49 

.  .  .     0-70 

0-52 

.  .  .     0-26 

0-02 

.  .     007 

11-68 

.  .    13-79 

The  residues  from  the  adapters  of  the  distillation  vessels  as  siso 
the  residues  from  the  Montefiore  furnaces,  which  consist  essentially 

'  Jensch.  Zeitschr,  angew,  Chem,^  1890,  p.  14, 
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ofzinc  oxide,  are  either  added  to  the  charges  in  the  ordinary  distilla- 
tion furnace,  or  else  treated  by  themselves  in  the  topmost  tiers  of 
retorts  in  Belgian  furnaces. 

Fragments  of  adapters  which  have  become  saturated  with 
zinc,  gave  the  following  figures  on  analysis.  (Jensch.  Op  Cit., 
p.  213.) 

Zinc 76-41 

Lead 039 

Cadmium 0*13 

They  are  added  to  the  ore  charges. 

Residues  from  the  retorts  and  mufSes  contain  3  to  5  per  cent,  of 
zinc.  The  average  composition  of  these  residues  from  different 
Belgian  works  (numbered  in  the  table)  is  given  by  Firket  ^  for  the 
year  1898  as  shown  on  the  following  page. 

Besides  zinc  the  residues  thus  contain  lead,  iron,  lime,  magnesia, 
slag  and  the  greater  part  of  the  coal  used  for  reduction.  Attempts 
have  been  made  to  wash  these  residues  in  order  to  obtain  the  zinc 
and  coal,  but  without  good  results.  The  coal  cannot  be  separated 
from  the  flaky  slag  mixed  with  it,  and  only  small  quantities  of  zinc- 
bearing  mixtures  containing  10  per  cent,  of  zinc  can  be  obtained.^ 
The  residues  are  accordingly  thrown  away,  or  put  to  such  uses  as  the 
preparation  of  mortar  or  road  metal. 

Furnace  calamine  is  also  added  in  suitable  proportions  to  the 
ore  charge,  after  having  been  broken  small.  The  composition  of 
furnace  calamine  from  the  upper  Silesian  blast-furnaces,  is  given  by 
Jensch  '  as  follows : — 

Carbon 202  Magnesia 008 

8ilica 12*34  Phosphoric  acid   ....  016 

FerrouB  oxide 14  82  Sulphur 012 

Manganous  oxide     ...  4*17  Sulphuric  acid 0*38 

Alumina 1*26  Zinc  oxide 59*42 

Lime 0*10  Lead  oxide 3*93 

Skimmings  rich  in  zinc  are  treated  in  the  sam,e  way,  or  are  dis- 
tilled together  with  zinc  fume  and  the  residues  from  adapters  and 
vessels. 

Calcined  silver  ores  rich  in  zinc  are  treated  in  the  same  way  as 
calcined  zinc  ores. 

Alloys  of  zinc  with  lead  and  silver  or  gold  are  obtained  when 
silver  is  extracted  from  work-lead  by  means  of  zinc.  The  zinc  is 
recovered  from  these  alloys  by  heating  it  to  above  the  boiling  point 

'  Annates  des  Mines  de  Belgique,  1901,  vi.  (i  and  ii). 

'  Steger,  op.  cit.  p.  64.  '  Zeitschr,/.  angew,  Chem,,  1900,  p,  14, 
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of  zinc  in  retorts  made  of  a  mixture  of  clay  and  graphite,  and  by 
collecting  the  volatilised  zinc  in  adapters.  This  method  of  zinc 
extraction  has  been  fully  explained  under  the  head  of  the  extraction 
of  silver  by  means  of  zinc. 


ProdiictB  of  the  Bedtidion  Process 

The  products  obtained  in  the  processes  of  reduction  are  zinc,  zinc 
fume,  and  residues  from  the  adapters  and  distillation  vessels. 

Zinc  prepared  at  most  works  is  impure,  containing  lead,  iron,  and 
other  foreign  bodies.  The  following  table  gives  the  percentage 
composition  of  different  kinds  of  crude  zihc.^ 


I. 

II. 

III. 

1       '^• 

V. 

Zinc 

.    .       97-41 

98-05 

99-39 

99-98 

99-28 

Lead 

.    .        2-29 

1-56 

0-60 

— 

0-63 

Iron 

013 

010 

004 

0-02 

005 

Cadmium  . 

.    .       trace 

0-28     ; 

0-28 

— 

005 

Copper  .... 

— 

— 

— 

— 

trace 

Silver     .... 

— 

— 

— 

1       — 

If 

Sulphur.   .    .    . 

' 

— 

■~— 

— 

»i 

In  this  table,  I.  represents  Silesian  zinc  for  the  year  1871, 
II.  Bleiberg  zinc  for  the  same  year.  III.  zinc  from  La  Salle  (1871), 
IV.  zinc  from  Pennsylvania,  and  V.  zinc  from  Sagor  in  Carniola 
(1885). 

In  the  next  table  are  given  analyses  of  zinc  from  the  Paul  Works 
in  Upper  Silesia,  the  metal  being  prepared  in  I.  from  blende  alone, 
in  II.  from  calamine  alone,  and  in  III.  and  IV.  from  a  mixture  of  75 
per  cent,  of  calamine  and  25  per  cent,  of  blende. 


I. 
98-59 

II. 
98-45 

III. 
98-44 

IV. 

Zinc 

98-18 

Lead 

132 

1-49 

1-47 

1-70 

Iron 

0-05 

0-03 

0-03 

0-06 

Cadmium 

0-03 

0-02 

0-05 

0-06 

Arsenic 

trace 

0-0Q2 

trace 

trace 

Silver 

— 

0-002 

— 

— 

The    following    analyses  are   given   by  Jensch   of    crude    zinc 
from  the  Rosamund   Works    in   Upper   Silesia   (I.   and   II.)   and 

'  Stcger,  op.  cit,  p.  76. 
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from  other  works  in  the  same  locality  (III.  and  IV. — United  Silesian 
zinc). 


Zinc  .  . 
Lead  .  . 
Iron 

Cadmium 
Arsenic  . 


Residue  (Carbon) 


99-12    '  98-29 
1-85  1-67 

0-02  002 

0003  I      0-004 

0-001         0-005         — 


III. 

IV. 

97-33 
2-61 
003 
0-02 
0-001 

98-36 
1-52 
0-09 
0-01 
0-002 

— 

■~~" 

Zinc  prepared  from  flue  dust  at  the  Paul  Works  near  Schoppinitz 
contained  (in  addition  to  other  impurities) : — 


Zinc  .  . 
Lead  .  . 
Iron  .  . 
Cadmium 
Arsenic 


I. 

II. 

III. 

97-24 

9814 

97-53 

2-17 

1-74 

2  41 

0-05 

0-04 

003 

0-53 

0-07 

0-03 

trace 

""   • 

— 

Zinc  from  the  Birkengang  Works,  Stolberg,  contained  1*46  per 
cent,  of  lead  and  002  per  cent,  of  iron.  In  the  next  table  are  given 
analyses  of  zinc  from  various  American  works ;  I.  and  II.  from  the 
South  West  Missouri  Works  (analyses  by  Pack),  III.  from  Lehigh, 
and  IV.  from  the  Passaic  Works,  New  Jersey ;  and  V.  from  Bethle- 
hem, Pennsylvania. 


Zinc  .  .  . 
Lead  .  .  . 
Iron  .  .  . 
Cadmium  . 
Copper  .  . 
Silicon  .  . 
Arsenic  .  . 
Antimony . 
Sulphur 
Caroon  .    . 


I. 

II. 

007 

0-006 

0-72 

0-28 

Oil 

0-001 

0-03 

0-14 

0  06 

006 

002 



0003 

0-07 

0-18 

0-001 

IIL 


IV. 


—  99-39 

004 
0-08 
0-53 


0-03 
0-02 


0-04 
0-24 


Zinc  from  Cilli,  in  St)a*ia,  contained  0*32  per  cent,  of  lead  and 
0*025  per  cent,  of  iron ;  that  from  Johannisthal,  Camiola,  contained 
053  per  cent,  of  lead,  007  of  cadmium  and  002  of  iron. 
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The  purest  zinc  is  "  Bertha  Spelter,"  which  is  prepared  at  Pulaski 
in  the  United  States  from  ores  containing : — 


Zinc  oxide 4761 

SiUca 29-37 

Iron  and  Aluminium  Oxide     9'23 


Calcium  carbonate  .  .  4*54 
Magnesium  carbonate  .  2  07 
Water 8-23 


This  zinc  contains  99*98  per  cent,  of  zinc,  002  per  cent,  of  iron,  and 
only  traces  of  lead  and  sulphur.^ 

Zinc  fiime  contains  zinc  oxide,  cadmium,  lead,  arsenic,  antimony 
and  any  other  volatile  matter  that  may  be  present  in  the  distillation 
charges.  The  amount  of  zinc  oxides  varies  greatly,  according  to 
whether  the  zinc  vapours  have  burned  or  not,  and  to  whether  the 
fume  has  been  exposed  for  a  long  or  a  short  time  to  the  air,  for  air 
oxidises  finely  divided  zinc.  The  following  table  gives  analyses  of 
zinc  fiime  from  various  sources:  I.  from  Borbeck  (near  Essen), 
II.  from  the  Carondelet  Works  (Missouri),  III.  from  the  Theresa 
Works,  Upper  Silesia  (the  first  fume  that  is  formed),^  and  IV.  is  the 
average  fume  from  the  Silesia  Works,  Upper  Silesia.^ 


L 

n. 


Zn. 


...     29-89 

III 1  80-00 

IV 1  84-46 


1-22 
I    0-23 


I.  .    .    . 

II.  ... 

rif.  .   .  . 

IV.  .    .    . 


ZnO. 


97-82       — 


Pb. 


0-23 


Cd. 


[ 


0-08 


57-74     trace        — 
8-83       202  !     1-65 
4-88       4-27       2-65 


Sbu 


0-37 


0-32 


Insoluble 
residue. 


9-60 
il-02 
012 


Fo. 


016 
205 


Cu. 


trace 


s. 

FesO^. 

Al. 

Mu. 

CaO. 

MgO. 

002 

— 

— 

— 

— 

— 

— 

1-02 

0-20 

1-81 

2-80 

0-67 

— 

0-90 

— 

— 

2  46 

0-24 

Further  analyses  of  zinc  fume  are  given  in  the  next  table  (quoted 
from  Kosmann,  op.  dt,),  I.  is  fume  from  the  collecting  chambers  at 
Lipine,  II.  from  the  Giesche  Works  in  Upper  Silesia,  the  fume  being 
obtained  from  chambers  which  are  connected  with  Kleemann  adapters. 
III.,  IV.,  and  v.,  are  from  the  flues  at  Paul  Works,  Schoppnitz, 


*  Moxham,  Eng.  and  Min.  Joum.^  November  25, 1893. 
^  Kosmaun,  Prettsa,  Minist.  Zeita.,  1883,  p.  234. 
'  /6id. 
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and  are  samples  of  dust  precipitated  from  the  burning  retort 
VL  and  VII.  are  later  determinations  of  the  same. 


I. 

11. 

III. 
65-71 

IV.      1 

78-15 

V. 

VL 
89-92 

vir. 
90-45 

.    .     54-45 

88-20 

83-95 

.    .       3-62 

1-46 

711 

2  09 

1-68 

3-21 

2-76 

.    .     12-34 

4-44 

3-7 

4-29 

3-96 

0-86 

1-38 

.    .      3-86 

4-12 

— 

— 

030 

0-18 

•  1 '  25-72 

1-50 

jO-50 
tl-98 

3-87 
3-45 

0-80 
1-16 

2-10 
0-55 
2-44 

1-22  ' 

0-42 

3-20 

i 

•    — 

20-42 

6-56  1 

8-71 

— 

— 

Zinc  oxide  .  . 
Cadmium  oxide 
Lead  oxide  .  . 
Sulphur  trioxide  . 
Iron  oxide  .  . 
Insoluble  .  .  . 
Carbon  dioxide 
Lobs  on  ignition 


The  fume  from  Dagner*s  adapters,  which  is  precipitated  by  water 
sprays  on  the  way  to  the  stack,  contains,  according  to  Steger  ^ : — 
Zinc  oxide  66 — 94  per  cent.,  cadmium  oxide  1'68 — 7-11,  lead  oxide 
3-70— 4-29,  ferric  oxide  OSO— 387,  and  sand  116— 3*45  per  cent. 

Zinc  fume  is  worked  up  as  described  on  p.  214.  If  it  contains 
cadmium,  it  is  used  for  the  extraction  of  this  metal.  As  "  zinc  grey" 
it  serves  as  a  paint,  especially  suited  for  iron  work.  It  is  also  ex- 
tensively applied  in  works  and  laboratories  as  a  reducing  agent  for 
indigo,  nitrobenzene,  nitric  acid,  &c.,  and  for  preparing  hydrogen  by 
heating  it  with  slaked  lime.\   The  equation  for  the  last  reaction  is,* 

Zn + Ca(0H)2 = ZnO + CaO  +  B^ 


Refining  of  Zinc 

Zinc  as  raked  or  tapped  out  of  adapters,  or  as  removed  in  the  form 
of  solid  zinc  from  the  collecting  chambers  of  the  old  Silesian  furnaces, 
is  but  rarely  pure.  It  generally  contains  considerable  quantities  of 
lead  and  iron,  together  with  mechanically  enclosed  impurities.  The 
lead  content  may  exceed  3  per  cent.,  the  iron,  is  seldom  over  0*2 
per  cent.  As  large  quantities  of  lead  diminish  its  extensibility, 
zinc  which  is  intended  for  rolling  must  be  freed  as  far  as  possible 
from  it.  This  zinc,  known  as  work-zinc  or  crude  zinc,  cannot  be 
refined  by  an  oxidising  fusion,  as  is  done  in  the  case  of  silver,  coppcT 
and  lead,  on  account  of  the  great  affinity  of  zinc  for  oxygen.  It  may, 
however,  be  purified  by  slow  remelting  and  allowing  it  to  stand  for  a 
considerable  time  in  the  molten  state.  Under  these  circunistances 
the  mechanically  enclosed  impurities  which  are  lighter  than  zinc  come 


1  Zeits.  d.  Oberachl,  Berg-  und  HuUenm.  Ver,,  1885,  p.  222. 
*  Schwarz.  Ber-  d.  dent.  Chem.,  QMelUchaft,  1886,  19,  1140. 


ZINC  223 

to  the  surface,  and  can  be  removed  as  skimmings,  together  with  a 
portion  of  the  zinc  oxide  fonned,  whilst  lead,  as  far  as  it  is  not  alloyed 
with  the  zinc,  and  some  'iron,  settle  to  the  bottom  in  consequence 
of  their  higher  specific  gravities.  The  purified  zinc  can  be  ladled  off 
from  above  the  lowest  portion  of  the  bath  of  metal  which  contains 
the  lead  and  iron,  or  this  bottom  part  can  be  removed  from  the  bath 
by  means  of  an  archimedean  screw. 

According  to  the  temperature  zinc  will  take  up  different  quantities 
of  lead ;  Roessler  and  Edelmann  found  that  it  will  take  up  56  per  cent, 
at  650**  C,  whilst  it  takes  up  only  1'5  per  cent,  at  its  melting  point. 
The  latter  amount  cannot  therefore  be  removed  from  the  zinc  by 
allowing  it  to  settle.  As  most  zinc  ores  contain  lead,  zinc  containing 
a  certain  amount  of  lead  will  thus  always  be  obtained  in  spite  of 
refining.  Only  a  small  quantity  relatively  of  iron  can  be  removed 
fit)m  zinc  by  refining.  Upper  Silesian  crude  zinc,  which  seldom 
contains  more  than  O'l  per  cent,  of  iron,  still  holds  0*02  to  0*03  per 
cent  after  refining ;  refined  Freiberg  zinc  contains  0*04  per  cent,  of 
iron.  Refined  zinc  is  thus  a  zinc-lead  alloy  with  1  per  cent,  of  lead 
on  the  average,  and  the  lead  separated  during  refining  contains  a 
certain  quantity  of  zinc.  At  the  Paul  works  in  Upper  Silesia,  the 
lead-zinc  alloy  separating  out  in  the  refining  furnace,  contains  95*76 
per  cent,  of  lead,  4*24  of  zinc,  0*0008  of  iron  and  a  trace  of  cadmium. 
The  iron  collects  after  a  time  in  a  layer  of  zinc  between  the  lead  and 
the  refined  zinc,  and  forms  what  is  called  "  hard  zinc."  Work-zinc 
obtained  in  the  solid  state,  as  used  to  be  the  case  with  the  English 
zinc  furnaces  and  the  old  Silesian  zinc  furnaces,  had  to  be  remelted 
in  order  to  cast  it  into  moulds.  During  this  remelting,  which  was 
performed  in  pans  made  of  cast-iron  or  clay,  the  impurities  in  the 
zinc  separated  out.  To  promote  this  operation,  the  molten  zinc  was 
stirred  from  time  to  time.  The  skimmings  (zinc  ash),  which  formed 
upon  the  surface  of  the  bath  of  metal,  and  which  consisted  of  a  mixture 
of  the  separated  mechanical  impurities  with  oxide  of  zinc  and  metallic 
zinc,  were  removed  by  means  of  a  perforated  ladle.  The  zinc  was 
finally  cast  into  iron  moulds,  whilst  the  bottom  portion  of  the  metallic 
bath,  which  was  rich  in  lead,  was  ladled  out  separately.  Cast-iron 
pans  were  open  to  the  objection  that  they  contaminated  the  zinc 
with  iron,  and  thus  made  it  brittle.  At  present  reverberatory  furnaces 
with  clay  hearths  are  used  for  the  refining  of  zinc,  as  is  done,  for  ex- 
ample, at  the  larger  works  of  Upper  Silesia,  the  zinc  in  which  con- 
tains 1-75  to  2*5  per  cent,  of  lead.  The  construction  of  such  a  furnace 
is  shown  in  Figs.  204  and  205.^  The  inclined  hollowed  hearth  is  made 
1  Berg,  und  HuUenm.  Ztg.,  1873,  p.  290. 
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of  lean  clay  rammed  upon  the  brickwork  of  the  fiimace,  and  ter- 
minates in  a  sump  /;  g  is  the  charging  door  through  which  the  zinc 
which  is  to  be  melted,  is  introduced  into  the  furnace ;  A,  h  are  the 
fire-grates ;  i  is  an  opening  through  which  the  purified  zinc  is  ladled 
out.  The  flame  traverses  the  furnace  longitudinally  and  rises  above 
the  sump,  passing  thence  to  the  stack.  The  waste  heat  is  generally 
utilised  for  warming  the  chambers  in  which  the  zinc  that  is  to  be 
rolled,  is  heated.  Another  form  of  furnace  provided  with  only  one 
grate  is  shown  in  Fig.  206.  B  is  the  grate,  8  is  the  bed  of  fire-clay, 
t  is  the  sump,  u  is  the  door  through  which  the  metal  is  ladled  out,  t 


Section  on  (tk 


Fio.  204. 


mam'  '  ">       ) 

?    !    ?    ?    f    ?    «    ?    ■    >  '.ori 
FiQ.  205. 


is  the  flue,  tc  are  chambers  heated  by  the  flame,  in  which  zinc  bars 
and  sheets  can  be  heated ;  ^'  is  a  flue  leading  to  the  stack.  At  the 
flue  end  of  the  furnace  there  is  a  partition  wall  descending  into  the 
bath  of  metal  in  order  to  keep  the  air  away  from  the  latter.  The 
opening  for  the  introduction  of  the  zinc  into  the  furnace  is  at  one 
side  of  the  fire-bridge  in  a  longer  side  of  the  furnace.  The  hearth  is 
15  feet  5  inches  long  and  6  feet  6  inches  wide;  the  lowest  point  ot* 
the  hearth  is  1  foot  8  inches  below  the  door  out  of  which  the  metal 
is  ladled.  Such  a  furnace  usually  contains  from  28  to  30  tons  of 
zinc,  and  is  capable  of  refining  9  to  10  tons  in  24  hours,  with  a  con- 
sumption of  18  cwts.  of  coal.    A  furnace  similar  to  that  first  described. 
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at  the  Hohenlohe  Works,  near  Kattowitz,  such  as  is  used  in  most  of 
the  works  in  Upper  Silesia,  is  shown  in  Figs.  207  to  209,  207  being 
a  longitudinal  section,  208  a  horizontal  section,  and  209  a  cross  section 
of  the  furnace,  the  length  of  which  is  19  feet  8  inches  and  its  width 
10  feet  6  inches ;  r,  r  are  the  two  grates ;  between  them  is  the  flue  A, 
inclining  towards  the  hearth,  in  which  the  zinc  to  be  refined  is 
charged.  From  this  it  flows,  as  soon  as  it  is  melted,  down  the  inclined 
surface  of  the  hearth,  to  the  sump  8.  The  flame  traverses  the  fiimace 
lengthways  fi-om  the  grate  and  escapes  through  openings,  o,  in  the 
roof  of  the  furnace,  into  flues  leading  to  the  stack  E,  Such  a  furnace 
will  contain  30  tons  of  zinc.^ 

In  order  to  avoid  oxidation  the  zinc  must  be  melted   at   the 
lowest  possible  temperature,  and  very  gradually,  whibt  the  flame  is 


PiO.  206. 


kept  as  reducing  as  possible.  When  the  furnace  has  received  its 
full  charge  of  molten  zinc — 20  to  30  tons  of  zinc — which  takes  place 
after  two  or  three  days,  the  ladling  out  of  the  metal  commences,  as 
much  fresh  zinc  being  charged  in  as  is  ladled  out,  say  9  to  10  tons  in 
24  hours.  From  the  metal  bath,  which  is  thus  kept  at  a  constant 
level,  the  lead  is  first  deposited,  followed  by  the  iron,  which  forms  with 
the  zinc  and  a  portion  of  the  lead  a  difficultly  fusible  alloy,  whilst 
the  zinc  forms  the  topmost  layer.  By  means  of  a  suitable  tool, 
the  pure  zinc,  the  hard  zinc,  and  the  lead  are  easily  distinguishable 
from  each  other.  If  an  iron  rod  is  slowly  lowered  into  the  metallic 
»  U.S.  Pat.  No.  702526,  June  17,  19(>2. 
VOL.    II  Q 
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bath  in  the  furnace,  the  mass  feels  soft  as  far  as  the  molten  zinc 
extends;  when  the  bar  is  forced  further  in,  the  mass  feels  hard, 
somewhat  like  ice  at  its  melting-point.  This  is  the  layer  of  hard 
zinc.  Below  this  the  soft  layer  of  molten  lead  is  reached.  The 
mechanical  impurities,  which  have  a  lower  specific  gravity  than  the 
zinc,  separate  out  upon  the  surface.  After  the  zinc  has  been 
skimmed,  it  is  ladled  out  from  the  bath  in  cast-iron  ladles  made  as 
thin  as  possible,  and  is  cast  into  moulds  in  the  form  of  bars ;  in  this 
form  it  is  known  in  the  trade  as  Spelter,  If  the  zinc  is  to  be 
rolled,  these  bars  must  be  kept  heated  up  to  130°  C.  When 
properly  worked,  the  quantity  of  skimmings  does  not  exceed  1 J  per 


L^'J  ||lj.<  W'  !.*J  M  ti '.  >  f  'S^*  "1"/^, 


^^ 


Fins.  207  and  208. 


Fio.  209. 


cent,  of  the  zinc  charge.  If  the  temperature  is  too  high,  a  mixture 
of  zinc  oxide  and  fluid  zinc  known  as  burnt  zinc  forms  upon  the 
surface  of  the  bath  of  metal.  For  the  removal  of  antimony  and 
arsenic  from  the  zinc,  L'hdte  ^  proposes  the  addition  of  chloride  of 
magnesium  during  the  fusion,  which  is  said  to  remove  the  above 
metals  in  the  form  of  chlorides.  Richards  ^  recommends  the  addition 
of  aluminium  to  the  molten  metal  for  the  purpose  of  separating  thi 
impurities  from  the  zinc.  He  claims  that  by  this  means  tht 
impurities,  with  the  exception  of  lead,  separate  out  at  the  surface. 

From  time  to  time,  the  bottom  layer  of  zinc  containing  lead  and 
iron,  which  has  accumulated  in  the  sump,  must  be  removed  from  the 
»  Comptes.  rendus,  98.  p.  1491.  »  American  Pat.  4488(^ 
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latter.    In  this  case,  the  whole  of  the  zinc  in  the  furnace  is  first 

ladled  out,  and  then  the  impure  bottom  zinc  removed,  or  else  the 

bath  of  metal  is  left  in  the  furnace,  and  the  zinc  at  the  bottom  is 

drawn  out  by  means  of  a  tube  provided  with  an  archimedean  screw, 

or  by  means  of  an  iron  cylinder  with  a  hole  in  the  bottom,  or  again 

by  means  of  an  open  clay  tube,  the  bottom  edge  of  which  is  notched, 

and  which  is  inserted  in  the  furnace  before  the  commencement  of 

the  operation.     The  latter  method  allows  the  refining  process  to  be 

carried  on  continuously,  and  is  preferable  to  .the  two  former.     The 

first-named  piece  of  apparatus  consists  of  an  iron  tube  or  casing 

4  feet  3  inches  to  4  feet  7  inches  long,  and  4  feet  in  diameter,  in 

which  an  archimedean  spiral  works.     This  tube  is  provided  at  its 

upper  end  with  a  spout  through  which  the  molten  metal  flows  off, 

whilst  the  bottom  end  rests  upon  feet,  the  spiral  being  turned  by 

means  of  a  crank.     The  apparatus  is  inserted  through  openings,  left 

for  that  purpose  in  the  furnace,  into  the  sump,  and  the  handle  is 

turned,  whereupon  the  bottom  layer  of  zinc  rises  in  the  tube  and 

flows  out   through   the    spout;    this   apparatus    is    employed,   for 

example,  at  Lipine.     The  second-named  piece  of  apparatus  consists 

of  a  cylinder  with  a  hole  in  the  bottom,  this  hole  being  plugged 

with  clay.     If  the  cylinder  is  lowered  into  the  sump,  and  the  hole 

in  the  bottom  then  opened,  the  impure  zinc  at  the  bottom  rises  into 

the  interior  of  the  cylinder  and  can  be  ladled  out  of  it.     The  third 

piece  of  apparatus  consists  of  a  bottomless   tube  of  fire-clay,  the 

lower  edge  of  which  is  notched.     It  is  placed  in  the  furnace  before 

the  leady  zinc  commences  to  separate,  and  is  left  in  it  during  the 

whole  course  of  the  operations.     The  impure  zinc  passes  into  the 

tube  through  the  notches  and  is  ladled  out  from  it  as  soon  as  it 

reaches  a  certain  height.     This  apparatus  is  in  use,  for  example,  at 

the  Paul  and  Wilhelmina  Works  in  Upper  Silesia. 

The  hard  zinc  is  occasionally  removed  from  the  furnace,  for 
instance  when  the  furnace  is  shut  down  or  repaired.  The  refined 
zinc  is  ladled  out  in  these  cases,  the  lead  is  removed  from  beneath 
the  layer  of  hard  zinc,  by  one  of  the  methods  just  described,  and 
finally  the  pasty  mass  of  hard  zinc  is  ladled  out  with  a  perforated 
ladle,  which  allows  the  lead  still  present  to  run  away  free  from 
the  hard  zina 

The  consumption  of  coal  in  refining  amounts  to  7^  to  10  per  cent, 
of  the  weight  of  the  zinc  melted.  At  Lipine,  9  tons  of  crude  zinc, 
containing  2J  per  cent,  of  lead,  are  melted  in  24  hours,  refined  zinc 
with  0*5  per  cent,  of  lead  being  produced.  At  the  Hohenlohe 
Works  10  tons  are  melted  in  24  hours,  or  5  tons  every  12  hours, 
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containing  3  to  4  per  cent,  of  lead,  the  refined  zinc  containing  9887 
per  cent,  of  zinc,  1*07  per  cent,  of  lead,  0*02  per  cent,  of  iron,  and 
0*04  per  cent,  of  sulphur. 

Refined  zinc  from  the  Paul  Works   in  Upper  Silesia  had   the 
following  composition :  ^ — 


n. 


Zinc 98-72  l    08-93 

Lead 112           1-00 

Cadmium 0-01  ,      0*02 

Iron 0-02  I      0-03 

Antimony 0*02            — 

Thallium —            Q-Ol 


in. 


98-77 
1-18 
0-03 
0-02 


IV. 


98-85 
110 

o-a2 

0-03 


In  the  following  table  are  anal}rses  of  refined  zinc  from  the 
Beuthen  Works,  Morgenroth  (I.  and  II.,  Jensch),  from  the  Lazy 
Works,  near  Beuthen  (III.,  Steger),  and  from  Freiberg  (IV-,  Fohr). 


'• 

11. 

in. 

IV. 

Zinc 

.    .       98-87 

98-92 

_      1 

Lead 

.    .         Ill 

1-06 

1-12 

1-a^ 

Cadmium  .    .    . 

.  .      o-ooi 

0-002 

0-017 

—     1 

Arsenic  .... 

— 

— 

0-02 

trace     • 

Iron 

.    .        002 

002 

0-02 

004 

Tin 

— 

— 

— 

0-07 

Carbon  .... 

.    .        0001 

1 

0-001 

— 

— 

Hard  zinc,  which  contains  much  lead  and  iron,  is  either  distilled 
or  sold  to  silver  works  where  argentiferous  lead  is  treated  for  silver. 
Attempts  have  been  made  to  treat  it  electrolytically. 

Zinc  direct  from  the  retorts  can  be  refined  in  Herter's  apparatus 
without  the  need  for  re-melting.  This  apparatus  consists  of  a 
ladle  on  trunnions,  transportable  or  suspended  from  a  crane,  with  a 
fire-proof  lining  and  jacket,  for  the  reception  of  the  molten  zinc. 
The  vessel  is  heated  by  a  grate  situated  within  the  jacket  and  the 
diflFerent  layers  of  metal  which  are  formed  can  be  run  off  separately 
through  a  hole  in  the  bottom  of  the  vessel.  Zinciferous  lead  settles 
to  the  bottom,  and  may  be  run  off.  Refined  zinc  can  be  removed 
either  by  tipping  the  apparatus,  or  by  running  off  after  the  lead 
has  been  tapped.    This  apparatus  is  in  use  in  Upper  Silesia.     I:  \ 


Steger,  op.  cit.  p.  78. 
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is  represented  in  Fig.  210.  The  pan  suspended  from  the  crane 
is  shown  in  Figs.  211  and  212,  and  the  device  for  raising  the  pan 
in  Figs.  213  and  214. 


iat 


Fio.  211. 


f 


I     i      - 


Fio.  212. 


Zinc-bearing  scums  are  added  to  the  distillation  charges.  Up 
t4>  60  per  cent,  of  their  content  can  be  liquated  out,  when  sal- 
ammoniac  is  sprinkled  over  them  before   their   removal  from  the 
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furnace,  or  by  addition  of  1  part  of  salammoniac  to  400  parts  of 
scums  in  the  reverberatory  furnace,  after  the  zinc  has  been 
run  off. 


Fio.  213. 


Fi(i.  214. 


Experiments  and  Proposals  for  the  Improvement  of  the 
Dry  Method  of  Zinc  Extraction 

Extraction  of  Zinc  in  Shaft  Fuimaces 

Owing  to  the  many  shortcomings  of  the  present  method  of  the 
extraction,  attempts  have  long  been  made  to  replace  the  process  of 
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distillation  in  clay  vessels  by  distillation  in  shaft  furnaces.  These 
attempts  have,  however,  been  fruitless  as  regards  the  production  of 
»jlid  zinc.  It  would  be  useless  to  describe  fully  the  various  methods 
and  proposals  which  have  been  made  in  this  direction,  as,  for 
example,  those  of  Dyar,  Rochaz,  Shear,  Duclos,  Schmelzer,  Swindell, 
Broomann,  Lesoinne,  Adrien,^  Muller  and  Lancauchez,^  Gillon,*  Clerc,* 
Glaser,*  Neuendahl,  Walsh,  Eichhom,  Westmann,  Rigaud,  Battrey, 
Eleemann  and  Sebillot.* 

The  whole   of  these  have   failed   on   account   of  the   difficulty 

of  condensing    the   vapours,   as   has   been    shown    by    the   recent 

exhaustive   experiments    carried   out   by   Hempel.*     Zinc   vapours, 

which  are  mixed  with  considerable  quantities  of  neutral  gases,  cannot 

be  condensed  by  cooling  to  fluid  zinc,  because  the  zinc  separates  in 

a  pulverulent  condition.     When  shaft  furnaces  are  employed  for  the 

production  of  zinc,  the  products  of  combustion,  carbon  monoxide  and 

nitrogen,  are  necessarily  mixed  with  the  carbon  monoxide  produced 

by   the   reduction    of  oxide   of  zinc  and   with   the   zinc   vapours. 

These  latter  are,  therefore,  diluted  to  such  a  degree  that,  when  cooled, 

they  will  no  longer  condense  to  a  fluid,  but  remain  in  the  form  of  a 

fine  dust  suspended  in  the  gases.     Even  when  strongly  heated  air  is 

employed  for  burning  the   coke   in   shaft   furnaces,   no  change   is 

produced  in  the  behaviour  of  the  zinc  vapours,  as  has  been  shown  by 

Hempel.     In  the  present  condition  of  science   and  technology,  all 

attempts  at  the  production  of  zinc  in  shaft  furnaces  must,  therefore, 

be  looked  upon  as  presenting  no  probability  of  success.     The  future 

will  show  whether  it  is  possible  to  obtain  liquid  zinc  profitably  by 

the  use  of  shaft  furnaces,  working  under  pressure  and  with  electrical 

heating.     The  proposed  methods  for  efiTecting  this  have  not  yet  got 

beyond  the  experimental  stage.     Pulverulent  zinc  readily  oxidises  in 

contact  with  the  air,  and,  therefore,  always  contains  certain  quantities 

of  oxide  of  zinc,  as  is  the  case  with  the  above  described  zinc  fume. 

Moreover,  the  oxidation  of  a  portion  of  the  zinc  by  the  carbon  dioxide 

and  water  vapours  present  in  the  furnace  is  also  inevitable      By  the 

employment  of  excess  of  fuel,  by  taking  care  that  the  charges  and  fuels 

shall  contain  neither  water  nor  carbon  dioxide,  by  the  employment  of 

ores  which  are  free  from  oxide  of  iron  (the  latter  being  reduced 

even  in  the  upper  half  of  the  furnace  by  carbon   monoxide,  thus 

producing  carbon  dioxide),  and  by  the  employment  of  heated  air, 

*  Btrg-  und  ffuHenm.  Zlg.,  1862,  p.  324.  -  Ibid.,  1881,  p.  6. 

»  Ibid.,  1887.  p.  83.  *  Ibid.,  No.  48449. 

^  Preu80,  Zeitschr.  fiir  das  Berg-,  HiUten-  und  Salinenwesen,  1900,  p.  406. 
^  Berg-  und  HiUtenm.  Ztg.,  1893,  Nos.  41  and  42, 
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these  objections  can  nevertheless  be  considerably  limited,  as  is, 
indeed,  also  the  case  in  the  process  of  zinc  distillation  in  smaller 
vessels. 

Whilst  it  is  thus  impossible  to  produce  solid  zinc  in  shaft 
furnaces,  it  is  nevertheless  quite  possible,  as  Hempel  has  shown, 
to  produce  zinc  oxide  in  such  a  furnace  and  also  pulverulent  zinc 
containing  only  relatively  small  quantities  of  oxide.  The  shaft 
furnace,  therefore,  presents  a  means  for  producing  bye-products  rich  in 
zinc  for  distillation  in  retorts.  In  this  respect,  especially  as  regards 
the  formation  of  pulverulent  zinc,  it  may  be  worth  while  to 
experiment  further  upon  the  shaft  furnace.  According  to  Hempel's 
experiments,  by  the  use  of  hot  blast  it  is  possible  to  obtain  zinc 
fume  very  rich  in  zinc  in  the  shaft  furnace,  and  to  separate  it  by 
means  of  centrifugal  machinery  from  the  gases.  This  zinc  fume  can 
be  compressed  into  a  very  small  volume  by  pressure,  and  this 
protects  it  from  oxidation ;  from  the  zinc  dust  so  treated  zinc  can  be 
obtained  both  by  distillation,  without  the  addition  of  carbon,  and  also 
by  means  of  electrolysis.  Hempel  submitted  the  compressed  zinc 
dust  to  distillation,  without  adding  carbonaceous  matter,  and 
obtained  two-thirds  of  the  fume  in  the  form  of  metallic  zinc  of  great 
purity.  The  residue  contained  oxide  of  zinc  together  with  lead, 
silver,  copper,  &c.,  combined  with  oxygen  and  sulphur,  which  had 
been  volatilised,  together  with  the  zinc,  in  the  shaft  furnace- 
Hempel  used  ztnc-cdke  for  the  shaft  furnace  charge,  this  material 
being  produced  by  heating  together  1  part  of  zinc  oxide,  3  parts  of 
coal,  and  0*05  part  of  caustic  lime  in  a  retort,  and  allowing  the 
caked  mass  to  cool  with  the  exclusion  of  air.  The  shaft  furnace  was 
provided  with  an  iron  stove  for  heating  the  blast,  and  was 
constructed  like  a  Sefstrom  furnace.  The  gases,  together  with  the 
zinc  vapoui-s,  passed  from  the  throat  of  the  blast  furnace  into  an  iron 
tube,  in  which  they  were  cooled  down  to  30°  C  The  gases  were 
drawn  off  from  the  furnace  and  the  zinc  fume  separated  from  them 
by  means  of  a  centrifugal  apparatus,  the  construction  of  which  is 
shown  in  Figs.  215  and  216.  It  consists  of  a  wheel.  A,  with  8  vanes, 
which  is  driven  by  means  of  the  grooved  pulley,  a,  driven  by  a  steam 
engine,  the  velocity  being  from  1,000  to  3,000  revolutions  per  minute. 
The  wheel  rotates  inside  a  casing,  B,  which  is  again  contained  in  the 
larger  cylinder,  C.  The  casing  was  open  below,  but  closed  above.  The 
cylinder,  C,  was  closed  below  by  means  of  a  cone,  and  provided  above 
with  a  removable  cover,  b.  The  gases  and  zinc  vapour  entered  through 
the  tube  c ;  when  it  reached  the  interior  of  the  machine,  the  dust 
was  flung,  by  centrifugal  action,  against  the  projections  of  the  casing 
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B,  whence  it  dropped  down  into  the  conical  portion  of  the  cylinder  c, 
where  it  was  deposited  and  whence  it  could  be  removed  by  means  of 
the  spout  e.  The  gases  escaped  through  the  tube  d^  and  were  made  to 
traverse  a  bag  in  which  the  remainder  of  the  zinc  dust  was  retained, 
80  that  the  gases  escaping  there&om  were  perfectly  free  from  fume. 
The  proportion  of  carbon  dioxide  in  the  escaping  gases,  which,  as 
is  well  known,  decreases  as  the  furnace  temperature  increases,  and 
which  amounts  to  under  1  per  cent  at  a  white  heat,  had  gone  down 
to  0*7  per  cent,  before  charging  the  zinc-coke  furnace,  and  varied 
during  the  three  hours  that  distillation  lasted,  between  1'8  and  4  per 
cent,  of  the  gaseous  mixture. 

The  zinc  fume  produced  contained  72  to  90  per  cent,  of  zinc.  It 
is  liable  to  oxidise  rapidly  in  the  air,  and  if  charged  in  the  pulverulent 
form  into  retorts  or  muffles  for  the  purposes  of  distillation,  would 
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Fio.  210. 


require  the  addition  of  carbon  for  the  reduction  of  the  zinc  oxide, 
together  with  a  very  high  temperature.  In  order  to  avoid  this  oxida- 
tion, it  was  compressed  into  blocks.  According  to  the  experiments  of 
Hartig,*  a  pressure  of  30  atmospheres  reduced  it  to  13*3  per  cent,  of 
its  original  volume,  100  atmospheres  to  10  per  cent.,  and  200 
atmospheres  to  8*7  per  cent.  Accordingly,  as  a  pressure  of  100 
atmospheres  can  easily  be  produced  by  means  of  screws,  levers  or 
hydraulic  presses,  there  is  no  difficulty  in  compressing  zinc  fume  to 
one-tenth  of  its  original  volume,  Hempel  obtained,  by  the  distilla- 
tion of  this  compressed  zinc  by  itself,  without  any  addition  of  carbon, 
two-thirds  of  the  weight  of  the  former  in  the  form  of  very  pure 
metallic  zinc.  In  treating  a  charge  to  which  ferric  oxide  and 
argentiferous  lead  had  been  added,  Hempel  obtained  zinc  fume  con- 
taining 80  per  cent,  of  zinc,  which  contained  the  whole  of  the  lead  and 
silver.     The  iron  was  obtained  in  the  form  of  white  pig-iron ;  the 

*  Lor,  cit. 
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slag  left  in  the  furnace  contained  58*3  per  cent,  of  silica,  10"4  per 
cent,  of  alumina,  8  per  cent,  of  ferric  oxide,  16  per  cent,  of  lime,  10 
per  cent  of  zinc  and  1*8  per  cent,  of  sulphur.  This  zinc  dust  was 
also  compressed  and  distilled  without  any  addition  of  carbonaceous 
matter.  Two-thirds  of  its  weight  were  obtained  in  the  form  of  pure 
zinc,  together  with  a  residue  having  the  following  composition  : — 

SiO, 41-6  Zn 33"6 

FejO, 2-93  S 81 

CaO 0-6  PbSandAgj^     .    .    .        1-05 

No  experiments  have  been  published  with  respect  to  the 
electrolysis  of  the  compressed  zinc  dust.  It  could  be  moulded  into 
soluble  anodes,  and  as  the  zinc  is  chiefly  present  in  the  metallic  fonn, 
a  considerable  quantity  of  electrical  energy  would  be  developed  by 
its  solution,  so  that  only  a  low  tension  current  would  be  required.  In 
consequence  of  the  above  experiments  Hempel  proposed  the  ex- 
traction of  zinc  from  ores  which  contained  considerable  quantities  of 
zinc  in  addition  to  lead  and  silver,  and  which  cannot  be  separated 
by  dressing  operations  into  zinc  ores  on  the  one  hand  and  lead  and 
silver  ores  on  the  other.  The  process  is  to  comprise  the  following 
operations : — 

1.  The  production  of  zinc  fume  in  shaft  furnaces. 

2.  The  compression  of  the  zinc  fume  produced. 

3.  The  distillation  or  electrical  refining  of  the  compressed  zinc 
fume. 

The  ore,  after  having  first  been  calcined,  has  to  be  fritted,  or,  if 
coking  coal  is* available,  ground,  without  being  fritted,  with  this  coal, 
and  then  coked.     If  the  ore  is  rich  in  iron,  the  iron  must  first  be 
reduced,  otherwise  zinc  vapours  would  be  re-oxidised  by  the  carbt)n  j 
dioxide  produced  in  the  upper  part  of  the  furnace,  as  occurs  in  iron 
blast-furnaces.     The  gases  evolved  from  the  furnaces,  after  having! 
been  freed  from  the  zinc  vapour,  consist  essentially  of  carbon  mon-  j 
oxide  and  nitrogen,  and  are  to  be  used  for  heating  the  blast  or  the  di.s-  j 
tillation  furnace,  and  for  firing  boilers.     On  escaping  from  the  furnace, 
the  gases  are  first  passed  into  iron   tubes   kept  cool  by  exposure 
to  the  air,  in  which  the  former  are  to  be  cooled  down  to  50°  C,  and 
simultaneously  to  deposit  a  portion  of  zinc  fume ;  they  then  enter 
one,  or  a  series  of,  centrifugal  machines,  which  they  traverse  one  after 
the  other,  in  which  nearly  the  whole  of  the  zinc  fume  still  retained 
is  separated  out.     Hempel  proposes  the  centrifugal  machines  shown, 
in  Figs.  217  to  218.     A  is  the  fan,  B  the  casing,  C  the  cylinder. 
The  fan  is  driven  from  below.     It  would  be  best,  as  is  customary 
with  centrifugal  machines,  to  support  the  fan  in  a  movable  bearing 
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with  an  india-rubber  ring.  If  the  speed  of  the  fan  for  the  separation 
of  all  the  fume  is  found  to  be  too  high,  it  might  be  necessary  to 
follow  these  machines  by  filters  of  sacking  to  separate  out  the  last 
trace  of  zinc  fume. 

In  order  to  avoid  the  formation  of  zinc  oxide,  the  furnace  should 
be  so  worked  that  the  proportion  of  carbon  dioxide  in  the  escaping 
gases  should  not  exceed  4  per  cent.  The  compression  of  the  zinc 
fume  is  to  be  performed  in  two  operations.  The  first  pressure  is  to 
be  applied  by  me^ns  of  a  machine  in  which  a  spindle  with  a  rapid 
pitch  screw  is  quickly  employed,  so  as  to  produce  a  pressure  of  IQ  to 
20  atmospheres,  the  final  pressure  being  given  by  means  of  a  hydraulic 
press.  The  distillation  of  the  zinc  dust,  moulded  into  the  form  of 
cylinders,  is  to  be  carried  out  in  retorts  which  are  a  trifle  larger  than 
the  cylinders  of  zinc  fume.     These  proposals  of   Hempel  have  not 
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yet  been  carried  out  on  a  large  scale.  With  ores  carrying  consider- 
able quantities  of  lead  and  silver,  difficulties  may  be  met  with  in 
practice,  as,  on  the  one  hand,  fluid  argentiferous  lead  and  a  consider- 
able quantity  of  slag  rich  in  zinc  would  be  formed  in  the  blast 
furnace,  whilst,  on  the  other  hand,  the  zinc  fume  obtained  would  con- 
tain considerable  quantities  of  lead,  the  treatment  of  which  in  retorts 
presents  difficulties. 

With  regard  to  the  production  of  zinc  under  pressure,  Lungwitz  ^ 
has  proposed  smelting  the  ores  at  such  a  pressure  that  liquid  zinc  is 
formed,  the  tension  of  zinc  vapour  at  1034°  C.  being  less  than  2 
atmospheres  according  to  Bams.  The  shaft  furnace  to  be  employed 
should  be  water  jacketed  and  have  a  tightly  closed  top,  and  the 
inside  of  the  furnace  with  its  charge  of  ore  and  fuel  should  be  under  a 
pressure  of  3  atmospheres.  The  zinc  liberated  under  the  conditions 
would  be  liquid  and  could  be  tapped  from  time  to  time.  This  pro- 
cess has  not  yet  come  into  use. 

^  Ger.  Pat.  83571. 
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Schuephaus  ^  has  described  and  carried  out  experiments  with  an 
electric  furnace,  holding  cast  iron  crucibles  lined  with  clay,  for  the 
reduction  of  zinc  oxide  under  pressure.  The  reduction  of  the  oxide 
of  zinc  begins  at  91Q°  C,  and  by  heating  the  mixture  of  coal  and  zinc 
oxide  to  1160°  C.  under  a  pressure  of  2  atmospheres,  liquid  zinc 
collected  at  the  bottom  of  the  crucible.  Nothing  is  known  as  to  the 
application  of  this  process. 

The  production  of  zinc  oxide,  or  of  a  mixture  of  zinc  and  zinc 
oxide,  in  shaft  furnaces  presents  no  technical  difficulties,  if  the  forma- 
tion of  carbon  dioxide  by  the  combustion  of  the  fuel  is  favoured  by 
blowing  an  excess  of  air  into  the  furnace,  and,  generally  speaking,  if 
an  excess  of  air  is  present  in  the  furnace.  In  the  case  of  charges  rich 
in  iron,  the  formation  of  carbon  dioxide  is  promoted  by  the  &ct  that 
ferric  oxide  is  reduced  to  metallic  iron  at  a  low  red  heat  by  carbon 
monoxide  with  the  formation  of  carbon  dioxide.  In  these  cases,  the 
zinc  would  be  reduced  in  the  lower  part  of  the  furnace  by  means  of 
the  carbon  present.  The  excess  of  air,  together  with  the  carbon 
dioxide  present  in  the  upper  part  of  the  furnace,  would  again  oxidise 
the  vapours  of  zinc  as  they  rise  up.  This  takes  place,  for  example 
when  ores  of  iron,  lead,  copper  or  silver,  containing  zinc,  are  smelted 
in  furnaces  of  comparatively  small  height.  That  the  reduction  of 
zinc  takes  place  without  any  difficulty  in  these  cases,  is  proved  by  the 
method  to  be  presently  explained  for  the  production  of  zinc  whit* 
direct  from  the  ores.  It  is  necessary  to  cool  down  the  zinc  fume  and 
to  separate  it  from  the  neutral  gases  by  means  of  dust  chambers  and 
filtering  appliances.  Of  the  shaft  furnaces  that  have  been  patented 
for  the  production  of  zinc  oxide,  not  a  single  one,  as  far  as  the  author 
knows,  has  been  used  practically.  Zinc  oxide  intended  for  reduction 
has,  up  to  the  present,  only  been  obtained  as  a  bye-product  when 
zinciferous  ores  such  as  franklinite  are  smelted  in  shaft  furnaces,  or 
when  zinc  white  is  produced  in  furnaces  with  Wetherill  grates  (see 
the  production  of  zinc  white). 

As  an  example  of  a  patented  shaft  furnace  for  the  extraction  of 
zinc  oxide  from  ores,  the  furnace  of  Harmet  may  be  mentioned, 
although  it  also  has  not  been  used  practically .^  The  furnace.  Fig. 
219,  has  a  closed  top,  a ;  by  means  of  tuyeres,  2^,  f*,  in  the  upper 
part  of  the  furnace,  as  also  by  means  of  the  tuyeres  T,  situated  just 
above  the  bottom  of  the  furnace,  hot  air  is  forced  into  the  latter.  The 
zinc  reduced  from  the  ores  escapes  in  the  form  of  vapour  through  the 
flues,  i,  into  the  chambers,  -D,  where  it  is  completely  oxidised  by  means 

'  Jonrn.  Soc.  Chem.  lud. ,  November  30,  1899,  p.  987. 
•^  D.R.-P.  No.  11197. 
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of  cold  and  moist  air  entering  through  the  tubes,  ty  and  is  then  to  be 
collected  in  the  form  of  zinc  oxide  in  chambers.  The  residue,  free 
from  zinc,  is  to  be  fused  into  a  slag  in  front  of  the  tuyere  T  and  to 
ran  out  of  the  furnace.  For  the  produc- 
tion of  metallic  zinc,  which  is,  however, 
subject  to  the  above-named  difficulties,  the 
furnace  is  to  be  made  higher.  In  this  case, 
the  zinc  vapours  are  to  be  conducted,  at  a 
certain  pressure  which  prevents  the  en- 
trance of  atmospheric  air,  through  chambers 
filled  with  charcoal,  and  then  passed  into 
condensers.  For  the  above-named  reasons, 
here  also  zinc  fume  alone  would  be  obtained. 
For  the  production  of  zinc  oxide,  furnaces 
with  Wetherill  grates  are  better  suited 
than  are  shaft  furnaces. 

Biewend    has  proposed  the  blast, fur- 
nace for  the  decomposition  of  zinc  blende 

by  means  of  iron.^  The  iron  is  to  be  added  either  in  the  metallic 
state  or  reduced  from  oxides  charged  for  that  purpose.  The  fuel 
and  reducing  agent  for  the  oxide  of  iron  is  to  be  coke  or  charcoal. 
The  zinc  separated  out  in  the  gaseous  form  is  to  be  conducted  at  a 
high  temperature — 800°  C. — into  condensers  filled  with  red-hot  coke 
or  charcoal  and  condensed  therein  to  the  liquid  state,  whilst  the 
sulphide  of  iron  formed  by  the  decomposition  of  the  sulphide  of  zinc, 
and  the  slags  produced  from  the  ashes  of  the  fuel  and  the  impurities 
of  the  zinc  blende,  forming  a  silicate  of  lime  and  alumina,  are  to  be 
tapped  out  of  the  furnace  in  the  molten  condition.  The  sulphide  of 
iron  can  be  converted  into  ferric  oxide  by  calcination,  and  after 
being  reduced  can  be  used  for  the  decomposition  of  fresh  quantities 
of  sulphide  of  zinc.  The  gases,  freed  from  zinc  in  the  condensers, 
and  which  consist  of  nitrogen  and  carbon  monoxide,  are  to  be  used 
as  fuel.  The  possibility  of  the  decomposition  of  sulphide  of  zinc  by 
iron  in  blast  furnaces  has  been  proved  by  the  smelting  of  iron  ores 
containing  zinc  blende.  As,  however,  the  zinc  vapours  formed  are 
also  diluted  in  this  case  by  vapours  of  nitrogen  and  carbon  monoxide, 
it  is  doubtful  whether  the  zinc  can  be  condensed  to  a  liquid  even  by  • 
the  employment  of  condensers  filled  with  red-hot  coal.  That  the  con- 
densation of  zinc  to  a  liquid  may  be  possible  to  a  certain  degree,  has 
been  proved  by  the  production  of  fluid  zinc  in  the  so-called  Zink 
stuhl,  in  the  old  shaft  furnaces  of  the  lower  Hartz,  in  which  zinciferous 
»  D.R,.P.  No.  81358,  August  7,  1894. 
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lead  ores  were  formerly  smelted.  If  the  condensation  of  zinc  in  the 
liquid  state  is  not  feasible,  it  would  be  necessary  to  be  content  with 
the  production  of  rich  bye-products.  Hitherto  no  expeiiments  have 
been  tried  on  a  large  scale  upon  this  process. 

A  furnace  which  is  a  combined  muflSe  and  shaft-furnace  has  been 
proposed  by  Schmieder  (1903),  and  is  represented  in  Figs.  220 — 223. 
D  is  the  shaft  or  muffle  made  of  carborundum  the  upper  two  thirds  of 
which  is  enveloped  with  the  hot  gases.     This,  along  with  the  annular 

space  /S,  into  which  producer  gas 
and  air  are  led,  forms  the  crucible  fur- 
nace. The  producer  gas  passes  from 
the  generator  into  the  circular  flue  G, 
and  thence  through  the  flues  h  into 
the  chamber  S,  The  air  enters  the 
same  chamber  from  the  flue  B. 
P  p— ^  I  f  '  I  f  ~  '  «>  through  the  openings  C,  The  pro- 
J,   -^-L^-^^-r  I?       ducts   of  combustion   rise  upwards 

and  escape  at  the  end  of  the  chamber 
through  the  flues  H  into  the  main 
flue  Ny  whence  they  are  led  to  the 
stack.  The  material  is  charged 
through  the  hopper  -4,  which  can 
be  closed  down  tightly,  at  the  top 
of  the  muffle,  and  the  zinc  vapours 
and  other  gases  escape  through  the 
pipe  B  into  the  condensers  F,  where 
the  zinc  is  condensed.  The  gaseous 
products  of  reduction  and  the  dust 
pass  on  through  vertical  flues  K 
into  the  collecting  flue  F,  and  from 
this  through  precipitating  boxes  into 
the  stack.  The  residues  pass  to  the 
lower  part  of  the  muffle,  or  what  j 
may  be  called  the  shaft  furnace,  and 
are  there  subjected  to  a  blast  of  air 
which  enters  through  the  openings  e/",  and  which  brings  about  the 
.  oxidation  of  any  zinc  retained  in  the  residues.  The  zinc  oxide  thus 
formed  is  led  through  the  openings  0  into  the  flue  M,  and  thence 
through  precipitation  boxes  into  the  stack.  Part  of  the  blast  rises  in 
the  shaft  and  along  with  the  carbon  monoxide  helps  to  dilute  the 
zinc  vapours.  There  are  no  details  known  as  to  the  trials  which  have 
been  carried  out  with  this  furnace. 


Plus.  220—223 
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Annstrong  *  has  proposed  a  shaft  furnace  with  boshes  of  circular 
horizontal  section,  in  which  is  a  second  cylindrical  shaft  stretching 
from  the  boshes  to  the  throat.  The  inner  shaft  holds  the  charge,  and 
the  annular  space  between  the  two  shafts  contains  the  fuel,  the  two 
combining  at  the  boshes.  Zinc  vapours  and  the  products  of  combus- 
tion are  drawn  off  through  holes  at  the  bottom  of  the  aimular  space, 
and  are  led  through  a  bath  of  molten  zinc,  which  condenses  the  zinc 
vapour,  and  allows  the  burnt  gases  to  pass  through.  The  zinc  bath 
is  in  the  form  of  a  trough  which  surrounds  the  furnace  ;  from  this  the 
zinc  is  tapped  fix)m  time  to  time.  The  non- volatile  metals  and  the 
slags  formed  from  the  gangue  of  the  ores  and  the  ashes  of  the  fuel, 
collect  in  the  crucible  of  the  furnace,  and  are  tapped  occasionally. 
There  is  no  information  to  hand  as  to  the  working  of  this  furnace. 

Another  proposal  of  Armstrong  ^  is  to  lead  the  zinc  vapours  and 
carbon  monoxide  from  the  furnace  through  a  layer  of  glowing  coke 
and  from  there  through  cooled  pipes  to  a  condenser.  The  object  of  this 
is  to  get  the  zinc  in  the  pulverulent  form  in  an  atmosphere  of  carbon 
monoxide.  The  gases  issue  from  the  condenser  through  a  trap  closed 
with  oil  or  some  other  suitable  liquid,  which  retains  the  zinc  dust ; 
this  is  then  collected  and  pressed,  mixed  with  coal  and  subjected  to 
distillation. 

Xagel '  proposes  to  reduce  a  mixture  of  ore  and  coal  in  a  shaft 
famace  by  blowing  heated  water-gas  through  the  mixture.  The 
object  of  the  water  gas  is  to  reduce  the  zinc  oxide,  while  the  coal 
reduces  the  carbon  dioxide  and  water  produced  in  this  reaction.  The 
shaft  fnmace  is  similar  to  those  used  in  smelting  lead  ores,  and  the 
water-gas  is  blown  in  through  tuyeres  situated  one-third  the  way  up  the 
furnace.  The  zinc  vapours  are  drawn  off  at  the  upper  closed  end  of 
the  furnace  into  a  condenser,  and  the  hydrogen  and  the  carbon  mon- 
oxide mixed  with  them  are  used  in  heating  the  water-gas.  Under 
practical  conditions  of  working,  1*5  tons  of  water-gas  containing  1*4 
tons  of  carbon  monoxide  and  0*1  ton  of  hydrogen,  heated  to  1000°  C. 
and  occupying  366,600  cubic  feet,  are  said  to  suffice  for  the  reduction 
of  81  tons  of  zinc  oxide.  Nothing  is  known  about  the  working  of 
this  process. 

The  Extraction  of  Zinc  in  Beveiberatory  Furnaces 

The  extraction  of  zinc  in  reverberatory  furnaces  has  been  frequently 
attempted,  but  has  always  been  attended  with  unfavourable  results. 

^  Brit.  Pat.  No.  3462,  February  21,  1900. 
«  Ibid,  No.  11389,  June  3,  1901. 
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In  consequence  of  the  oxidising  action  of  the  gases  in  these  furnaces, 
zinc  oxide  was  always  obtained,  but  never  the  metal.  Brackelsberg^ 
attempts  to  avoid  the  oxidation  of  zinc  by  moulding  a  mixture  of 
ground  ore  and  coal  into  bricks,  which  he  builds  into  columns  in  the 
laboratory  chambers  of  reverberatory  furnaces  heated  by  producer 
gas,  filling  the  interspaces  between  these  columns  by  briquettes  of 
coal  or  other  carbonaceous  fiiel.  The  producer  gas  is  to  be  burned 
by  means  of  air  introduced  either  by  pressure  or  by  draught.  The 
flames  are  to  pass  through  vertical  spaces,  left  when  the  briquettes  are 
built  up,  fi-om  above  downwards,  into  a  condensing  chamber  built 
below  the  laboratoiy  chamber  of  the  furnace,  and  thence  into  the  gas 
producer  of  a  second  furnace.  By  means  of  the  flames,  these 
briquettes  are  to  be  heated  to  the  temperature  of  reduction  of  the 
zinc,  the  excess  of  carbon  in  the  furnace  reducing  the  carbon  dioxide 
to  carbon  monoxide.  In  the  condensing  chamber  blocks  of  metal 
cooled  by  water  and  covered  with  fire-clay  are  distributed.  The  zinc 
is  supposed  to  collect  in  the  liquid  form  upon  the  bottom  of  this 
condenser  and  to  be  tapped  off  from  time  to  time.  Nothing  is  known 
up  to  the  present  as  to  the  employment  in  practice  of  this  fiimaee. 
Even  though  it  might  be  possible  to  avoid  the  oxidation  of  the  zinc, 
the  zinc  vapours  would  be  diluted  to  a  very  great  extent  by  the  pro- 
ducts of  combustion  of  the  producer  gas  and  the  nitrogen  of  the  air, 
so  I  hat  it  would  be  impossible  to  count  upon  the  production  of  liquid 
zinc.  As  in  the  case  of  the  shaft  fiimace,  zinc  fume  would  be  formed : 
the  production  of  liquid  zinc  in  reverberatory  furnaces,  must  therefore 
be  looked  upon  as  hopeless,  as  only  bye-products  rich  in  zinc  could  W 
obtained  in  them. 

Glaser  ^  has  proposed  to  produce  zinc  oxide  in  the  reverberatorj- 
furnace  by  heating  bricks,  either  solid  or  hollow,  made  by  compressing 
zinc  ores  and  coal  with  some  binding  material,  up  to  the  point  of 
reduction  of  the  oxide.  The  zinc  vapours  are  then  to  be  burnt  by 
admitting  air,  and  the  dust  collected  in  fume-chambers.  This 
method  seems  feasible,  but  it  requires  pure  ores  for  its  execution. 

M.  Roux  and  J.  Desmazures  '  propose  to  fuse  zinc  blende,  contain- 
ing silver-bearing  galena,  in  a  retort  with  litharge,  air  being  excluded. 
The  lead,  carrying  silver,  collects  at  the  bottom  of  the  retort,  and  the 
zinciferous  residues  are  heated  with  a  flux,  hot-air  being  blown 
through  the  molten  mass.  In  this  way  the  zinc  oxide  is  said  to 
separate  out  on  the  surface  of  the  molten  mass.  Nothing  is  known 
concerning  the  application  of  this  process. 

»  D.R.-P.  No.  75090,  Augiiat  27,  1893. 

«  Ger.  Pat.  31716.  »  Ger.  Pat.  82097. 


ZINC  241 

Proposals  for  the  Improvement  of  the  Condeiisation  of  Zinc   Vapours 
ivhen  the  Distillation  Process  is  carried  on  in  Vessels 

As  is  well  known,  in  the  present  method  of  zinc  extraction  the 

condensation  of  the  vapours  is  the   weakest  point  of  the  process. 

The  greater  part  of  the  lose  of  zinc  is  due  to  the  fact  that  a  portion 

of  the  zinc  vapours  is  never  condensed  at  all,  and  that  another  portion, 

on  account  of  its  low  tension  as  compared  with  atmospheric  air,  is  not 

expelled  from  the  retorts,  but  bums  when  the  latter  are  emptied  out. 

The  condensation  of  zinc  vapours  is  only  complete  between  the  narrow 

temperature  limits  of   416**  and  560**  C.     If  the  temperature  of  the 

adapter,  in  which  condensation  takes  place,  is  lower  than  416°,  the 

zinc  passes  from  the  condition  of  vapour  direct  to  the  solid  state  and 

forms  a  fine  dust,  which  is  in  part  carried  ofiF  by  the  neutral  gases. 

If  the  temperature  exceeds  650''  C,  the  zinc  vapours  escape  without 

being  condensed.     Imperfect  condensation  is  due  to  the  impossibility 

of  regulating  the  temperature  of  the  small  adapters  at  present  in 

use,  which,  in  consequence  of  their  close  connection  with  the  fiimace, 

necessarily  fluctuates  with  every  variation  in  the  temperature  of  the 

furnace.     Zinc  vapours    remain   in  the  retorts  at  the  end  of  the 

distillation,  because  on  account  of  the  present  method  of  connecting 

retorts  and  adapters  it  is  impossible  to  draw  these  vapours  out  of  the 

retorts  into  the  adapters  by  means  of  draught. 

L.  Lynen,  of  London,^  has  constructed  a  condensing  chamber 
common  to  several  adapters,  which  is  to  replace  the  present  form  of 
condenser  and  to  avoid  the  above-named  objections.  Its  arrange- 
ment is  shown  in  Figs.  224  to  226.  There  are  here  two  condensing 
chambers,  6,  about  which  four  separate  furnaces,  separately  fired, 
are  so  arranged  that  one  condensing  chamber  lies  between  each 
pair  of  furnaces.  The  furnaces  are  fired  with  gas,  and  have  three 
tiers  of  muffles,  a,  one  above  the  other.  These  are  luted  to  per- 
forated bricks,  rf,  which  are  so  shaped  that  they  connect  the  common 
condensing  chamber  with  the  back  end  of  the  muffle.  The  con- 
denser has  a  sump,  e,  from  which  the  zinc  can  be  tapped  off,  and 
a  bath  of  zinc  of  a  definite  depth  is  always  left  in  the  condenser 
to  regulate  the  temperature.  For  the  same  purpose,  there  is  a  row 
of  tubes,  c,  through  which  air  can  be  admitted  into  the  condenser  and 
thus  cool  it  if  required.  It  is  connected  by  means  of  the  flue  /  with 
the  dust  flues  g,  and  with  a  dust  chamber  in  which  any  zinc  fume 
formed  is  collected.     From  this  dust  chamber  the  current  of  gases 

^  Zinc  DistillcUionuntha  Common  Condensing  Chamber ^  L.  Lynen.  London,  1893  ; 
August  Siegle,  30  Lime  Street. 
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into  a  stack  connected  with  it.  In  consequence  of  the 
connection  of  retorts,  condenser,  dust  chamber  and  stack,  it  is 
possible  to  draw  any  zinc  vapour  that  may  be  left  in  the  retort  at 
the  end  of  the  distillation  out  of  that  retort  by  means  of  a  light 
draught.  The  thickness  of  the  walls  of  the  condenser,  the  bath  ot 
zinc  at  the  bottom,  and  the  passage  of  air  through  the  air  tubes  in 
case  the  condenser  becomes  overheated,  are  supposed  to  make  it 
possible  to  keep  the  temperature  of  the  condenser  within  the  requisite 


Section  on  B  Section  on 
M         \    JKLtfNO 
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limits.  The  bath  of  zinc  not  only  acts  as  a  regulator,  but  promotes  con- 
densation by  surface  attraction.  Finally,  it  also  admits  of  the  lead 
separating  out  in  the  lower  portion  of  the  sump  and  thus  forms  a  partial 
refining  furnace.  When  the  distillation  is  finished,  the  system  is  w 
be  worked  with  a  gentle  draught  in  order  to  draw  out  the  last  tracts 
of  zinc  vapour  from  the  retorts ;  as  in  this  case  air  has  to  be  admitted 
into  the  retorts,  it  is  possible  that  a  portion  of  the  zinc  vapours  may 
be  converted  into  fume.  Nothing  is  known  up  to  the  present 
of  any  practical  results  obtained  from  these  proposals  of  Lynen. 
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Biewend  and  the  Actiengesellschaji  filr  ZiiikindustHt  in  Ober- 
hausen  ^  propose  to  condenise  the  zinc  vapours  by  leading  them  into 
chambers  filled  with  lumps  of  charcoal,  coke,  quartz  or  asbestos, 
lengthening  the  path  taken  by  the  gas  by  means  of  suitable  parti- 
tions in  the  chambers.  The  chambers  are  made  with  double  iron 
walls  between  which  air  or  water  can  circulate  to  promote  cooling,  and 
the  gases  can  be  made  to  pass  through  two  neighbouring  chambers, 
first  in  one  direction,  then  in  the  opposite,  by  means  of  a  reversing 
arrangement.  In  this  way  it  is  stated  that  a  uniform  temperature 
can  be  attained,  and  the  formation  of  zinc  dust  can  be  prevented, 
though  rtie  latter  is  precipitated  when  the  zinc  vapours  are  much 
diluted  with  gases. 

Proposals  for  Improving  the  Material  and  Shape  of  the   Vessels 

Richter  and  Lorenz  *  have  suggested  a  rotating  muffle  furnace, 
that  is,  a  horizontal  sheet-iron  cylinder  lined  with  fire-proof  material, 
and  holding  a  retort  in  the  middle.  The  retort  is  kept  in  place  by 
projections  from  the  cylinder,  and  the  space  between  these  pro- 
jections serves  for  the  passage  of  the  hot  gases  from  the  grate.  The 
cylinder  with  the  retort  and  adapter  is  set  in  rotating  or  swinging 
motion  by  means  of  friction  rollers.  The  pear-shaped  adapter  is 
connected  with  a  condensing  chamber.  The  charge  occupies  only 
one  half  of  the  retort  space.  The  motion  of  the  retort  is  supposed 
to  effect  a  more  thorough  mixing  of  the  charge  and  a  shortening  of 
the  time  of  distillation.  This  furnace  has  not  yet  found  practical 
application. 

Steger  ^  has  proposed  to  replace  clay,  on  account  of  its  many 
defects,  by  magnesia  and  to  build  fixed  muffles  from  tiles  made  of 
this  material,  which  are  to  be  much  larger  than  the  vessels  £lt  present 
employed  for  zinc  distillation.  According  to  his  statements,  magnesia 
conducts  heat  2^  to  3  times  as  well  as  clay,  is  impenetrable  by  zinc 
vapours,  is  much  stronger  than  clay,  and  resists  higher  temperatures. 
The  construction  of  the  furnace  as  proposed  by  Steger  in  the  above- 
named  treatise  is  shown  in  Figs.  227  and  228,  the  first  a  longitudinal 
and  the  second  a  transverse  section  of  the  furnace ;  a  are  three  retorts 
built  of  magnesia  bricks  with  arched  roof  and  floor.  Between  the 
separate  retorts  there  are  flues  oJ,  in  which  the  producer  gases  are 
burnt  by  means  of  heated  air,  these  gases  being  led  by  means  of  slots 

1  Ger.  Pat.  91896. 

^  ZeiUchr.  fiir  das  Berg-t  HiUten-  und  Salinenwefien,  1900,  p.  411. 

»  PreiMS,  MiniH.  Zischr.,  1894,  p.  163. 
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from  the  shafts  r,  into  the  flues  d.  The  air  for  combustion  is  heated 
in  the  retort  W,  and  then  enters  the  flues  d.  The  products  of  com- 
bustion escape  through  slots  into  the  vertical  flue  e,  pass  at  the 
upper  end  thereof  into  the  flue  /,  and  finally  through  g  to  the 
stack.  Hereby  the  bottom  as  well  as  the  top  of  the  muffles  are 
completely  surrounded  by  the  flame.  The  retorts  are  charged  and 
emptied  at  their  back  ends  where  they  open  out  into  a  vertical 
flue,  p.  The  gases  and  vapours  which  escape  during  the  charging 
and  drawing  rise  up  in  this  flue,  whilst  the  distillation  residues 
fall  downwards.  The  adapters,  i,  are  at  the  front  ends  of  the 
retorts  in  a  vertical  chamber,  A,  to  the  back-wall  of  which  the 
retorts  are  secured  air-tight.  There  are  no  statements  regarding 
the  dimensions  of  the  retorts.  Their  size  and  thickness  are  to  be 
calculated  from  the  conductivity  of  the  magnesia,  from  the  heating 


Fio.  287. 


Pia  228. 


capacity  of  the  gas  flues,  and  from  the  conductivity  of  the  material 

of  the   charge.     The    advantages   of   the   magnesia  vessels   which 

are  chiefly  dwelt  upon  by  Steger,  are  their  great  durability,   the 

small  loss  of  zinc  during  the  operation,  the  possibility  of  charging 

them  with  ore  in  the  finest  state  of  division,  the  non-existence  of  any 

necessity  for  replacing  retorts,  greater  durability  of  the  adapters  and 

larger  dimensions  of  the  latter,  more  rapid  charging  and  drawing,  and 

easier  and  more  healthy  work.    Steger's  furnace  has  been  patented 

in  the  name  of  the  owner  of  the  works,  Francisci,  in  Schweidnitz.* 

Experiments  with  this  furnace  are  now  being  tried  in  Silesia,     The 

magnesia  bricks  at  first  used  showed  themselves  to  be  verj'^  sensitive 

to  changes  of  temperature.   It  is  still  hoped,  however,  that  a  suitable 

material  will  be  found.     A  recent  ftimace  of  Francisci  with  vertical 

circular  retort,  which  may  be  made  of  magnesia  bricks,  and  heat^ 

»  D.  R.-P.  76285;  Belgian  Pat.  107606;  British  Pat.  No.  23979;  Austrian  Pat. 
44/3256 ;  American  Pat.  526808. 
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from  the  inside  and  outside  of  the  retort,  has  been  pictured  and 
described  on  p.  128.  Any  definite  opinion  upon  these  retorts  can 
only  be  given  when  the  results"of  long  working  are  known.  These 
results  are  not  yet  forthcoming. 

Landsberg  has  proposed  to  make  retorts  with  an  inside  coat- 
ing of  graphite  and  fire-clay,  and  an  outside  coating  of  fire-clay, 
the  idea  being  that  the  inside  will  not  be  attacked  by  the  charge, 
and  the  outside  clay  will  protect  the  graphite  inside  from  the  action 
of  the  fire.  Hering^  has  proposed  muffles  for  continuous  working. 
These  are  represented   in  Figs. 

229   and    230.      The   muffle  a,  ^7   V7  ^7 

open  below,  stands  over  the  tun- 
nel b  which  receives  the  distil- 
lation residues.  The  muffle  is 
closed  by  the  residues  from  the 
foregoing  distillation.  The  resi- 
dues can  be  removed  from  the 
tunnel  through  the  opening  C, 
which  can  be  closed  when  need 
be.  The  muffles  are  charged 
through   the   hoppers  g  and  the 

clay  pipe  i.  After  charging,  the  hopper  is  closed  by  a  clay  plug.  It 
is  doubtful  whether  these  muffles  will  prevent  the  access  of  air  to 
the  charge.  They  have  not  yet  found  practical  application.  Sad  tier  ^ 
has  proposed  to  use  retorts  of  clay  coated  inside,  and  on  specially 
exposed  places  outside,  with  burnt  dolomite  or  magnesite.  These  are 
to  be  used  for  the  extraction  of  zinc  from  ores  containing  gold,  silver, 
lead  and  iron.  The  coating  is  affixed  by  means  of  water  glass,  which 
fuses  together  the  clay  and  the  basic  covering.  This  is  brought 
about  by  heating  the  retorts  in  the  furnace  at  a  temperature  of  '816''  C. 
for  several  days  after  they  have  been  coated  with  the  water  glass  and 
the  basic  material.  This  basic  lining  is  said  to  withstand  the  action 
of  the  oxides  of  lead  and  iron.  Gold  and  silver  remain  with  the 
distillation  residues  and  can  be  recovered  from  them.  There  is  no 
information  about  the  application  and  durability  of  these  retorts. 

Proposals  far  the  Extraction  of  Zinc  from  Blende^  witlunU  previous 
Sweet' Roasting  of  the  same. 

None   of  these  proposals  have  yet  been  practically  developed. 

Biewend's  suggestion  *  to  decompose  zinc  blende  by  heating  it  in  a 

*  Zeitschr.  JUr  das  Berg-  Hntten-  mid  Salineiuvemn,  J  900,  p.  420. 
«  U.S.  Pat.  656268.  >  Ger.  Pat.  81358,  August?,  1894. 
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shaft  furnace  with  iron,  has  already  been  described.  Grille  and 
Liebig^  suggest  decomposing  zinc  blende  with  molten  iron  in  a 
tightly  closed  cylindrical  apparatus  which  can  be  rotated.  In  this 
way  sulphide  of  iron  and  zinc  would  be  formed,  and  the  zinc  being 
liquid  at  the  pressure  obtaining  in  the  cylinder,  would  collect  below 
the  iron  sulphide  and  could  be  tapped  after  cooling  down.  The 
reaction  taking  place  may  be  expressed  by  the  equation : — 

ZnS  +  Fe  =  FeS  +  Zn. 

Landsberg  proposes  to  heat  a  mixture  of  raw  and  roasted  zinc  blende 
with  lime  and  coal  in  the  absence  of  air ;  the  zinc  vapour  thus  formed 
would  then  be  condensed.     The  reaction  takes  place  as  follows : — 

ZnO+ZnS+CaO+C  =  2Zn+CaS+C02. 

Christopher  James  suggests  heating  the  mixture  of  raw  and 
roasted  blende  in  the  indiflferent  or  feebly  reducing  atmosphere  of  a 
reverberatory  furnace,  the  decomposition  taking  place  according  to 
the  equation : — 

2ZnO+ZnS  =  3Zn+S02. 

This  method,  however,  does  not  seem  feasible,  for  the  required 
atmosphere  cannot  be  produced  in  a  reverberatory  furnace,  nor  does 
the  reaction  take  place  as  represented  by  the  equation. 

Proposals  to  obtain  Carborundum  ami  Fcrro-Silicon  along  with  Zinc 

According  to  Dorsemagen,*  when  zinc  ores  rich  in  silica  (roast<?d 
zinc  blende)  are  heated  with  enough  coal  to  reduce  not  only  the  zinc 
oxide  but  also  the  silica,  there  is  formed,  besides  zinc,  carborundum  or 
silicon  carbide.  The  construction  of  the  furnace  for  this  process  is 
not  given,  but  is  said  to  be  quite  simple.  Blende  containing  pyriu»4> 
can  be  made  to  yield  zinc  and  ferro-silicon,  according  to  the  same 
authority,  when  after  preliminary  roasting  it  is  mixed  with  quartzj- 
materials  and  reduced  with  coal  in  the  electric  furnace.  No  infomia> 
tion  is  to  hand  concerning  the  application  of  these  proposals. 

The  Production  of  Zinc  by  Electro-thermal  Methods 

Though  many  methods  for  obtaining  zinc  electro-thermally  ha\f 
been  proposed,  none  of  them  have  found  definite  application.  In 
1885  the  brothers  Cowles^  suggested  heating  charges  by  electri- 

'  Ger.  Pat.  92243. 

'^  Zeiis,  d.  Ver  dtnU.  Iiigenieure,  1902,  p.  1635  »    Ger.  Pat.  347o»> 
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current  in  tubular  retorts  of  fireclay,  which  are  surrounded  by  bad 
conductors  of  heat.  One  of  the  terminals  was  to  be  connected  with 
a  slab  of  carbon  which  served  to  close  one  end  of  the  retort,  while  the 
other  terminal  was  connected  with  a  graphite  crucible  which  closed 
the  other  end  of  the  retort  and  served  as  a  receptacle  for  the  zinc.  It 
was  proposed  to  mix  the  ore  intimately  with  some  substance  of  high 
resistance,  preferably  with  carbon  used  in  electric  lighting,  then 
to  charge  the  mixtures  into  the  retorts,  and  to  reduce  the  zinc  at  the 
high  temperature  produced  on  completing  the  circuit.  The  zinc 
vapours  were  to  be  led  off  through  a  hole  in  the  graphite  crucible 
and  condensed,  and  the  carbon  monoxide  to  escape  through  a  pipe  in 
the  fore  end  of  the  crucible.  This  method  has  not  come  into  use ; 
nor  has  that  of  Siemens  and  Halske,^  in  which  circular  terminals 
were  used.  Experiments  carried  out  in  this  way  only  led  to  the 
production  of  zinc  dust.  The  method  of  Casaretti  and  Bertani  ^  does 
not  seem  to  have  found  practical  application. 

M.  A.  Salgufes"  in  his  attempts  to  prepare  zinc  in  the  electric 
furnace  at  Crampagna,  Arifege,  obtained  only  zinc  fume ;  with  zinc 
ores,  however,  he  succeeded  in  obtaining  zinc  white,  and  his  method 
is  in  definite  use  at  Crampagna  for  that  purpose. 

Edelmann  and  Wallin  have  proposed  the  heating  of  the  charge  in 
the  arc  of  the  electric  furnace,  air  being  excluded  by  the  charge 
itself.  The  zinc  vapours  are  led  away  at  the  temperature  suitable 
for  the  condensation  of  liquid  zinc,  and  the  gangue  is  slagged  off,  and 
along  with  the  reduced  lead  flows  into  a  holder  where  the  two  can 
be  separated  The  furnace  has  an  upper  bell-shaped  electrode,  and  a 
lower  ring-shaped  electrode,  and  the  process  is  continuous.  No 
further  information  is  forthcoming  about  this  well-conceived  process, 
nor  has  it  yet  been  definitely  applied.  Dorsemagen's  *  proposal 
described  above  to  prepare  carborundum  along  with  zinc,  has 
given  good  results  on  an  experimental  scale.  The  furnace  used  in 
the  trials  had  closed  crucibles  with  carbon  electrodes,  and  a  side 
adapter  to  receive  the  zinc.  For  description  see  Borchers'  Elektro- 
metallurgie,  p.  386.     This  same  furnace  ^  has  been  used  successfully 

»  Ger.  Pat.  100©21. 

»  The  Min.  Ind.,  1902,  p.  266;  1903,  p.  235.  For  description  of  the  furnace  and 
the  methods  of  working  see  Electrochem.  Zeit.,  December,  1902. 

•  Mhnoirts  H  CompU  rendu  des  Travaux  de  la  8oci4t4  des  Tngdnieurs  GivU  de 
France.     Jnillet,  1903,  p.  64.  *  Ger  Pat.  128535. 

»  Denkachrijt  der  K,  t.  Hochschulen  zu  Aachen  atis  Arda^  der  Industrie 
Otwerbe-  und  KuiutausteUung  zu  DUssdd&rf  in  Jahre,  1902,  p.  48,  also  Borchers, 
Das  neue  InatUtU  pHr  MetaUhHUentoegen  und  EleetrometaMurgie  an  der  K.  t  Hochschule 
zu  Aachen,  HaUe,  1903,  p.  13. 
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to  obtain  zinc  and  ferro-silicon  from  calcined  zinciferous  pyrities.  If 
the  ores  are  lacking  in  silica  and  bodies  containing  iron,  these  are 
added  in  such  quantity  that  a  25  per  cent,  ferro-silicon  is  produced. 

The   Extraction  of  Zinc  by  the  Combined  Wet  and  Dry 

Methods 

The  direct  extraction  of  zinc  by  the  wet  method  is  not  possible 
because  zinc  cannot  be  thrown  down  in  the  metallic  form  from  its 
solution  by  any  metals  that  are  permanent  at  ordinary  temperatures. 
Apart  from  the  separation  of  this  metal  by  electrolysis,  only  com- 
pounds of  zinc  can  be  produced  in  the  wet  way,  frx)m  which  the  zinc 
must  be  reduced  in  the  dry  way.  The  wet  method  of  zinc  extraction 
can  therefore  only  be  looked  upon  as  an  auxiliary  process  for  the  dr)' 
method,  in  which  the  zinc  is  obtained  from  ores  and  metallurgical 
products  in  the  form  of  aqueous  solutions,  from  which  compounds  of 
zinc  can  be  obtained  that  can  be  converted  into  oxide.  The  reduction 
of  the  oxide  to  metallic  zinc  is  performed  in  the  dry  way.  The  com- 
bined wet  and  dry  way  of  zinc  extraction  has,  however,  up  to  the 
present  been  found  to  be  too  dear  for  practical  purposes.  Zinc  ha^s 
been  extracted  from  poor  ores  and  furnace  products  by  means  of 
sulphuric  acid,  hydrochloric  acid,  ammonia,  ammonium  carbonate', 
magnesium  chloride,  calcium  chloride,  camallite,  and  by  a  chloridising 
roasting  followed  by  leaching  of  the  chloride  of  zinc  so  formed,  the 
products  being  solutions  of  zinc  sulphate,  zinc  chloride,  ammonio- 
zinic  hydrate,  and  ammonio-zinic  carbonate  respectively.  Zinc 
oxide  has  been  produced  from  the  solution  of  the  sulphate  by  evapo- 
rating the  latter  and  heating  the  zinc  sulphate  obtained,  sulphuric 
anhydride  and  sulphurous  oxide  and  oxygen  being  given  off.  The 
zinc  oxide  can  be  efficiently  treated  for  zinc  in  muffles,  but  so  fer, 
zinc  oxide  has  not  been  prepared  on  a  large  scale  by  this  method 
owing  to  the  costliness  of  the  process. 

Pamell  proposes  ^  to  obtain  zinc  sulphate  by  treating  calcined  ore> 
containing  zinc  oxide  with  sulphuric  acid,  to  evaporate  the  sulphalt 
solution  until  it  commences  to  thicken,  then  to  stir  sulphide  of  zinc 
into  the  mass,  and  to  heat  the  mixture  in  a  muffle  furnace.  Sulphur 
dioxide,  which  is  to  be  used  for  the  manufacture  of  sulphuric  acid,  is 
said  to  escape  while  zinc  oxide  is  formed,  in  accordance  with  the 
equation : — 

.SZnSO^  +  ZnS  =  4ZnO  +  4SO2. 

This  reaction  is  probably  very  imperfect,  as  it  is  not  possible  t«t  j 
'  Kdmthtver  Ztnchr.,  1881,  p.  32. 
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convert  the  whole  of  the  zinc  into  zinc  oxide.  This  proposal  has  not, 
therefore,  found  any  employment. 

W.  Marsh  has  proposed  to  precipitate  zinc  hydrate  from  a  solution 
of  the  sulphate  by  means  of  magnesia.  On  account  of  the  high  cost 
of  magnesia,  this  process  cannot  be  employed  upon  a  large  scale.  By 
heating  anhydrous  zinc  sulphate  with  carbon,  zinc  oxide  along  with 
carbon  monoxide  and  sulphur  dioxide  is  formed  when  the  mixture  is 
intimate  and  the  right  temperature  is  preserved.  This  method  has 
proved  too  expensive. 

Hoepftier  ^  has  proposed  the  precipitation  of  zinc  sulphide  from 
zinciferous  liquors  by  hydrogen  sulphide,  and  the  heating  of  the 
sulphide  with  lime  and  coal  to  obtain  zinc  and  calcium  sulphide.  The 
ralcinm  sulphide  might  then  be  used  for  the  preparation  of  hydrogen, 
sulphide,  and  the  filtrate  from  the  former  for  the  solution  of  zinc 
from  bodies  containing  it  in  the  form  of  oxide.  The  suggestion  has 
not  yet  found  application. 

Zinc  chloride  can  be  obtained  by  the  treatment  of  bodies  con- 
taining the  oxide  or  carbonate  of  zinc  with  hydrochloric  acid, 
magnesium  or  calcium  chloride,  or  with  camallite,  or  by  the  calcina- 
tion of  zinc  blende  with  common  salt ;  and  zinc  oxide  can  be  obtained 
cheaply  by  treating  the  solutions  so  produced  with  milk  of  lime.  In 
addition  to  zinc  oxide  or  hydrate,  zinc  oxychloride  is  also  foimed, 
and  this  method  for  the  production  of  zinc  oxide  has  been  found  to 
be  ansuitable  for  operations  on  a  large  scale. 

Of  the  salts  of  ammonia,  carbonates  show  the  greatest  capacity 
for  dissolving  zinc  oxides  from  ores  and  products,^  having  con- 
siderably greater  dissolving  powers  than  has  ammoniacal  liquor. 
The  most  suitable  solutions  are  those  containing  7  to  8  per  cent,  of 
ammonia  and  7  to  8  per  cent,  of  carbon  dioxide.  By  distilling  oflf 
the  ammonia  and  the  greater  part  of  the  carbon  dioxide,  the  zinc  can 
be  separated  as  a  basic  carbonate,  whilst  the  solution  is  regenerated, 
with  the  exception  of  a  certain  quantity  of  carbon  dioxide  which  has 
to  be  replaced.  The  basic  zinc  carbonate  can  be  converted  into  oxide 
by  heating.  This  method  is  too  expensive  for  the  extraction  of  zinc 
from  poor  ores,  and  has  therefore  only  been  used  for  the  extraction 
of  zinc  oxide  from  argentiferous  metallurgical  products. 

Although,  therefore,  the  combined  wet  and  dry  method  of  zinc 
extraction  from  poor  ores  has  not  yet  passed  the  experimental  stage 
for  the  reasons  above  stated,  it  has  nevertheless  come  into  use  in 
those  cases  in  which  the  object  is  not  the  extraction  of  metallic  zinc, 
but  the  separation  of  zinc  from  other  valuable  metals  and  metallic 
^  KanUker  Zei(ff»j  1881.  p.  32.  '  Sohnabel,  Prettas.  Ztachr,,  vol.  xxviii. 
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compounds,  and  the  conversion  of  the  zinc  into  a  bye-product  in  the 
form  of  merchantable  compounds  such  as  zinc  vitriol,  zinc  chloride, 
basic  zinc  carbonate  or  zinc  white,  as  also  for  the  production  of  zinc 
salts  from  residual  products  containing  zinc.  Whether  and  to  what 
extent  the  wet  method  may  in  the  future  find  employment  as  an 
auxiliary  process  to  the  dry  way  for  the  production  of  compounds  rich 
in  zinc  from  ores  or  artificial  products  poor  in  zinc  cannot  at  the 
present  day  be  decided.  Stahl  ^  has  determined  by  a  series  of  experi- 
ments to  what  extent  the  zinc  contained  in  burnt  pyrites  can  be 
converted  into  chloride  by  chloridising  roasting,  and  what  proportion 
of  zinc  volatilises  in  this  process.  The  zinc  is  contained  in  the 
burnt  ore  as  sulphide,  sulphate  and  oxide.  It  was  not  found  possible 
to  convert  the  zinc  in  pyritic  residues  containing  7  to  11  per  cent, 
of  zinc  completely  into  chloride  by  a  single  chloridising  roasting 
even  although  pyrites  was  added,  which  greatly  promoted  the  forma- 
tion of  sulphate.  On  the  other  hand,  the  chloridising  of  zinc  was 
almost  complete  when  the  once  roasted  and  then  leached  ores  were 
submitted  to  a  second  chloridising  roasting  with  the  addition  of 
pyrites.  Only  2  to  3*5  per  cent,  of  zinc  volatilised  during  calcination  in 
the  form  of  zinc  chloride,  which  was  caught  again  in  condensing  towers. 
Stahl  ^  proposes  to  work  the  liquors  got  by  leaching  the  roasted 
mass,  for  zinc  white,  zinc  sulphide,  lithopone  and  hlaTvcfixty  after  these 
liquors,  which  contain  chiefly  chloride  of  zinc  and  sodium  and  sodium 
sulphate,  have  been  deprived  of  any  heavy  metals  they  might 
contain  by  precipitation.  The  proposed  method  is  to  precipitate  the 
gold,  silver,  copper,  lead  and  cadmium  by  addition  of  zinc  scrap  to 
the  warmed  solution,  the  spongy  metallic  mass  being  then  treated 
for  these  various  metals  by  the  ordinary  methods.  The  liquors 
from  this  precipitate,  which  contain  lead,  copper,  cadmium,  arsenic, 
antimony,  nickel  and  cobalt,  are  then  treated  with  sodium  sulphide, 
which  precipitates  these  metals  as  sulphides  mixed  with  some  zinc 
sulphide.  The  filtrate  from  the  sulphide  precipitate  is  now  worked 
for  the  metals  which  are  present  in  quantity,  and  finally  for  cadmium. 
The  zinc  is  converted  into  zinc  chloride,  and  this  is  treated  for 
lithopone.  To  remove  iron  and  manganese,  a  little  bleaching  powder 
is  added  to  the  warmed  liquor  to  oxidise  the  ferrous  to  ferric  salts, 
then  soda  is  added,  until  the  liquor  is  alkaline,  and  after  this  more 
bleaching  powder  to  the  warmed  liquid.  This  precipitates  iron, 
manganese,  and  part  of  the  zinc,  and  the  filtrate  fix)m  these  is 
suitable  for  the  preparation  of  zinc  white,  zinc  sulphide,  lithopone  ; 
(a  mixture  of  barium  sulphide  and  zinc  sulphide)  and  hlanc  Jixt 
1  Berg-  wid  ffiUienm,  Ztg.,  1894,  p.  1.  «  Ibid,  18©8,  p.  1. 
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(barium  sulphate).  The  precipitate  obtained  with  bleaching  powder 
is  washed  with  soda  solution  to  remove  chlorine  in  the  form  of  sodium 
chloride,  and  is  sold  to  the  zinc  smelting  works.  This  process  has 
not  become  established  on  a  working  scale. 

A  proposal  emanating  from  the  Maria  Works  at  Langelsheim^ 
is  to  produce  zinc  chloride  and  barium  chloride  from  the  slags 
containing  these  metals,  which  are  obtained  in  smelting  zinciferous 
lead  ores  at  the  Lower  Harz  Works.  The  proposed  method  is  to 
convert  the  barytes  into  barium  chloride  and  calcium  sulphate  by 
an  ordinary  roasting  of  the  powdered  slags  with  calcium  chloride  at  a 
temperature  of  1,200°  C.  in  a  reverberatory  furnace.  After  the 
barium  chloride  has  been  leached  out  of  the  melt,  the  residue  con- 
sisting of  calcium  sulphate  and  the  sub-silicates  of  lead  and  iron,  is  to 
be  treated  in  a  lead  pan  with  sulphuric  acid  (50°  B),  then  to  be  mixed 
with  calcium  chloride  and  the  zinc  converted  into  chloride  by 
heating  this  mii^ture  in  a  muffle  furnace  to  500°  C,  stirring  frequently 
the  while.  The  iron  also  is  first  converted  into  chloride  during 
this  reaction,  but  is  decomposed  at  that  temperature  into  ferric  oxide 
and  hydrochloric  acid,  and  the  acid  may  be  collected  and  used  to 
regenerate  calcium  chloride.  The  zinc  chloride  is  then  to  be 
leached  out  of  the  heated  mass,  and  the  residue  of  calcium  sulphate 
and  ferric  oxide,  after  drying  and  giinding,  might  be  used  as  a  red 
dye.  It  is  probable  that  this  method  could  he  worked  with 
advantage,  if  the  technical  difficulties  be  not  too  great. 

The  Electrolytic  Extraction  of  Zinc 

The  electrolytic  extraction  of  zinc  is  quite  modem.  Up  to  the 
present  the  extraction  of  zinc  in  the  wet  way  only  has  been  the 
object  of  continuous  energetic  experiments,  and,  in  fact,  in  some 
cases  the  process  has  been  actually  employed  upon  a  working  scale. 
The  extraction  of  zinc  in  the  dry  way  by  the  electrolysis  of  molten 
compounds  of  the  metal  has  not  yet  been  attempted  on  a  working 
scale,  although  propositions  in  this  direction  are  not  wanting.  We 
have  first  to  consider  the  electrolytic  extraction  of  zinc  in  the  wet 
way,  and  then  the  proposals  for  its  electrolytic  extraction  in  the 
dry  way. 

Ttie  Electrolytic  Extraction  of  Zinc  in  the  Wet  Way 

As  far  ajs  is  known,  experiments  with  this  object  were  first  made 
at  the  end  of  the  seventies  by  Luckow  in  Deutz,  and  at  the  com- 

^  Oer.  Pat.  112018, 
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mencement  of  the  eighties  by  Letrange,  of  Paris,  without  their 
experiments  leading  to  any  satisfactory  results.  Not  only  are  the 
technical  difSculties  great  in  the  electrolytic  extraction  of  zinc,  hut 
the  costs  of  working  are  high.  The  main  difficulty  is  to  prevent  the 
separation  of  the  zinc  in  a  spongy  form.  The  chloride  and  sulphate 
of  zinc,  the  two  most  important  salts  of  zinc  from  the  electro- 
metallurgist's  point  of  view,  both  give  spongy  zinc  very  readily  when 
their  solutions  are  electrolysed.  The  spongy  zinc  cannot  be  melted 
down  as  it  bums  in  greater  part  at  the  temperature  necessary  to 
melt  it.  This  happens  also  when  compressed  zinc  sponge  is  melted, 
or  when  it  is  added  to  a  bath  of  zinc.  With  suitable  current  densities, 
the  formation  of  zinc  sponge  during  electrolysis  depends  on  the 
absorption  of  oxygen  and  the  oxidation  of  a  relatively  small-  quantity 
of  zinc,  whereby  oxide  or  a  basic  salt  of  zinc  is  precipitated  along 
with  the  metal.  This  happens  when  there  are  metals  present  in 
solution  which  have  a  smaller  solution  tension  than,  the  zinc ;  when 
the  solutions  are  very  weak,  i,e.  when  the  concentration  of  zinc  ions 
is  small,  and  that  of  hydroxyl-ions  is  great ;  when  certain  oxidising 
agents  like  hydrogen  peroxide  and  nitrates  are  present ;  when  the 
precipitate  is  very  uneven  (in  which  case  it  encloses  some  of  the 
electrolyte,  which  becomes  neutral  and  deprived  of  zinc  ions) ;  and 
when  hydrogen  bubbles  cling  to  the  cathode,  with  the  result  that 
the  zinc  is  deposited  unevenly  between  the  bubbles,  and  enclosing 
liquor  prevents  its  renewal.  The  formation  of  spongy  zinc  is  obviated 
by  keeping  the  electrolytes  free  from  foreign  metals,  by  presemng 
the  concentration  and  slight  acidity,  by  circulation  of  the  liquor  and 
by  removal  of  gas  bubbles  from  the  cathode. 

The  high  costs  of  electrolysis  are  due  to  the  absorption  of  much 
electrical  energy,  to  the  expensive  methods  of  preparing  the  electro- 
lyte, to  the  care  needed  to  avoid  uneven  precipitation  of  the  zinc, 
and  to  the  corresponding  high  cost  of  plant.  With  regard  to  the 
first  item,  the  bath  tension,  when  insoluble  anodes  are  used,  must  bt* 
at  least  2*5  volts,  since  the  decomposition  tension  of  zinc  sulphide  is 
2"36  volts,  and  of  zinc  chloride  2*43  volts.  In  consequence  of  these 
drawbacks,  the  electrolytic  preparation  of  zinc  has  only  come  into 
extended  use  in  few  places.  It  has  been  tried  at  many  works, 
and  given  up  on  account  of  unfavourable  technical  and  economic 
results.  It  is  at  present  in  use  at  Winnington,  in  England,  for  the 
preparation  of  zinc  from  zinc  chloride  solution,  and  at  Friedrichs- 
hiitte,  in  Tamowitz,  for  the  treatment  of  zinc-silver  alloys. 

Owing  to  the  great  interest  which  this  subject  arouses,  the  m*«si 
important   experiments   which   have   been   made   to   clear  up   the 
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•juestion  of  the  formation  of  spongy  zinc,  and  the  proposals  which 
hinder  this  formation,  will  be  now  passed  in  review. 

Kiliani  found,  in  the  course  of  his  experiments  ^  to  determine  the 
conditions  of  the  deposition  of  compact  zinc  from  solutions  of  zinc 
vitriol,  that,  even  when  soluble  anodes  were  employed,  if  the  current 
tension  was  low,  gas  was  evolved,  and  the  zinc  became  spongy ;  but 
that,  on  the  other  hand,  if  the  current  tension  was  high  and  the 
solutions  not  too  dilute,  no  gas  was  evolved,  and  the  zinc  was 
compact  and  brilliant.  He  also  found  that  when  highly  dilute 
solutions  were  employed,  hydrogen  was  actively  evolved,  and  that 
the  zinc  was  always  spongy,  whether  the  current  was  feeble  or 
strong.  With  feeble  currents,  zinc  oxide,  together  with  zinc,  was 
deposited  from  dilute  solutions.  For  instance,  from  a  solution  con- 
taining 1  per  cent.,  with  a  current  tension  of  even  17  volts,  oxide  of 
zinc  was  deposited  when  only  0*0755  gram  of  zinc  was  thrown  down 
per  minute  upon  a  1  square  centimetre  of  cathode  area.  The  results 
of  Kiliani's  experiments  are  shown  in  the  following  table.*  They 
refer  to  a  solution  of  zinc  vitriol  of  specific  gravity  1*38,  anodes  and 
cathodes  being  made  of  sheet  zinc : — 


Ziuc  deposited 

per  minute  per     Ainp6n«  per 
^^J^^T"     aqui^  metre, 
narface. 


MiUigmmA. 
0-0i4d 
0-0361 
0-0755 
0-3196 
0-6392 
3-7274 

38-7750 


7 

18 

38 

158 

316 

1,843 

19,181 


Gas  evolved 

per  1  '5  gramA 

of  zinc 

deposited. 


Cub.  cent 
2-40 
2-27 
0-56 
0-43 
0-33 

=  i 


Nature  of  the  deposit. 


Very  spongy. 


More  compact,  but  spongy  at  the  edges. 
Can  still  be  wiped  off  readily. 
Firm  and  lustrous,  with  bud -like  pro- 
jections round  the  edges. 


From  a  10  per  cent,  solution,  Kiliani  obtained  the  best  deposits 
when  the  current  was  equal  to  0*4  to  0*2  milligramme  of  zinc.  Hence 
it  seems  that  excessively  great  current  density  is  necessary  to  pro- 
duce a  compact  deposit  of  zinc  As,  however,  the  zinc  deposited 
from  strong  solutions  by  the  application  of  relatively  low  current 
densities,  is  not  always  spongy,  Kiliani's  experiments  require  con- 
firmation. It  is  possible  that  other,  still  unknown,  causes  were 
at  work  under  his  experimental  conditions. 

*  Berg-  und  HiUieim.  Ztg„  1883,  p.  251. 

2  Borchera,  Elektro-MttaUurgie,     Brunswick,  1891,  p.  96. 
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Nahnsen,^  in  his  experiments  to  determine  the  most  suitable 
current  densities  and  temperatures  for  the  deposition  of  compact 
zinc  from  solutions  of  zinc  vitriol,  found  that  hydrogen  (primarily 
generated  by  the  addition  of  sulphuric  acid  to  the  solution  of 
zinc  vitriol,  plates  of  zinc  being  used  as  anodes),  which  formed  in 
great  quantity  at  the  cathodes,  does  not  make  the  zinc  spongy, 
and  therefore  assumed  that  the  sponginess  was  due  entirely  to  the 
formation  of  zinc  oxide.  According  to  him,  the  hydrogen  which 
appears  at  the  cathode  simultaneously  with  the  spongy  deposits,  is  of 
a  secondary  nature,  produced  by  the  action  of  the  deposited  zinc  upon 
the  water  of  the  solution.  Nahnsen  further  tried  experiments  upon 
the  character  of  the  zinc  deposited  at  various  tensions  and  tempera- 
tures. These  were  tried  upon  solutions  of  zinc  sulphate  whose 
specific  gravities  at  18°  C.  were  respectively  1-0592, 11233,  1*1925, 
12710,  1-3543,  and  1-4460,  using  soluble  anodes  in  the  form  of  zinc 
plates  of  0-054  square  foot  in  area.  The  results  obtained  are  shown 
in  the  following  table,  in  which  the  density  of  the  current,  the 
temperature  of  the  electrolyte,  and  the  character  of  the  deposit  are 
indicated : — 


Current  density.       I 


Amp^ree  per  sq.  foot. 


+  0-97'  C. 


0-93 

4-57 

913 

13-60 

18  20 


Compact 


Temperature  of  the  electrolyte. 


+  lOtW"  C.        I        +  20-72"  C. 


•Spongy 

Spongy  at  first 

Compact 


Spongy 

ft 

Spongy  at  first 

Compact 


+  30-47'  C. 


Spongy. 

Spongy  at  first 

Compact 


According  to  Nahnsen  other  salts  of  zinc  showed  similar  relations 
between  temperature  and  current  density,  but  the  limits  of  current 
strength  and  temperature  are  different  from  those  obtaining  in  the 
case  of  sulphates.  For  instance,  a  solution  of  zinc  nitrate,  moderately 
concentrated,  evolved  hydrogen  even  at  0''  C.  with  a  current  density 
of  9  4  amperes  per  square  foot;  whilst  such  evolution  no  longer 
occurred  at  —  12''C.  Whilst  Kiliani,  using  a  solution  of  zinc  sulphate 
of  1-38  specific  gravity,  with  a  current  tension  of  30  amperes  per 
square  foot,  obtained  a  deposit  of  zinc  which  could  be  readily  wiped 
off,  Nahnsen  at  a  temperature  of  +  30"^  C  obtained  from  a  solution 
of  zinc  sulphate  of  approximately  equal  concentration  with  a  current 
density  of  18*8  amperes  per  square  foot  a  perfectly  solid  deposit  of 

^  Berg-  und  HiUtenm.  Zty,,  1893,  p.  393. 


ZINC  256 

zinc.    When  large  electrodes,  3  feet  3  inches  by  1  foot  8  inches,  were 
used,  the  latter  obtained  at  a  temperature  of  +  21°  C.  an  unexcep- 
tionable deposit  of  zinc  with  a  current  density  of  7  amperes  per 
square  foot.     When  he  employed  electrodes  of  5*4  to  10*8  square  feet 
in  area,  he  obtained  good  zinc  with  a  far  less  current  density  than 
could  have  been  expected  from  the  experiments  carried  out  with  the 
above  electrodes  of  0*05   square   foot  in  area.     The  high  current 
tensions  found  by  Kiliani  are  explained  by  him  by  the  circumstance 
that  the  latter  worked  with  small  electrodes ;  and  he  ascribes  the 
fact  that  the  influence  of  current  density  and  of  temperature  upon 
the  nature  of  the  zinc  deposit  decreases  with  the  increase  of  the  area 
of  the  electrodes,  to  the  action   of  the  edges   of  the   latter.     The 
current  density  is  greater  at  the  edges  of  the  electrodes  than  in  the 
centre  part,  and  therefore  diminishes  the  average  total  density,  this 
diminution  being  the  more  noticeable  the  smaller  the  electrodes  are. 
Nahnsen's  view  ^  that  the  baths  must  be  cold  in  order  to  get  a  com- 
pact zinc  deposit,  has  been  proved  to  be  erroneous  by  Siemens  and 
Halske,  who  repeated  Nahnsen's  experiments  without  being  able  to 
confirm  them.     In  fact,  the  contrary  was  found  to  hold,  warming  the 
electrolyte  being  advantageous.     Coehn*  is  of  the  opinion  that  the 
formation  of  spongy  zinc  is  due  to  the  evolution  of  hydrogen,  and 
states  that  the  formation  of  this  body  can   be  prevented   at  the 
cathodes  even  with  low  current  density  by  interrupting  the  current 
from  time  to  time.     Thus  he  claims  to  have  produced  a  compact 
deposit  with  a  current  density  as  low  as  47  amperes  per  square  foot 
in  the  electrolysis  of  zinc  sulphate  by  interrupting  the  current  50 
times  per  minute.    During  the  interruption  the  current  was  made  to 
traverse  a  second  bath,  these  interruptions  being  produced  by  special 
mechanical  contrivances.     Cowper-Coles  *  attempts  to  produce  dense 
deposits  of  zinc  by  increasing  the  current  density  from  time  to  time 
in  intervals  of  about  8  minutes.     Hoepfner  *  considers  that  an  active 
motion  of  the  electrolyte  by  means  of  rotating  cathodes  is  necessary 
for  the  production  of  dense  deposits.    In  this  way  hydrogen  bubbles, 
which  have  clung  to  the  cathodes,  are  removed,  and  the  formation  of 
ragged  edges  by  abnormally  high  and  uneven  current  densities  is 
prevented.     Mylius  and  Fromm  **  agree  with  Nahnsen  in  ascribing 
the  cause  of  the  formation  of  spongy  zinc  to  the  formation  of  zinc 
oxide  or  of  basic  salts.     They  regard  spongy  zinc  as  zinc  which  has 

*  Dingler'8  Polyteck.  Joum,,  vol.  cclxxxi.  4,  p.  81. 

«  1).  R.-P.  No.  75482,  1893.  3  d.  R.p.  No.  79447,  1894. 

*  EngUsh  Pat.  No.  13336,  1893. 

»  Zeitachr.f,  Anor.  Chemic,  voL  xix.,  1896. 
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been  disturbed  in  its  crystaDisation  by  the  absorption  of  oxygen.  If 
the  conditions  are  not  favourable  to  the  formation  of  zinc  oxide,  no 
sponge  is  produced.  On  dissolving  zinc  sponge  in  mercury  they 
always  obtained  a  residue  containing  zinc  oxide  or  a  basic  salt,  the 
amount  of  which  was  less  than  1  per  cent,  of  the  weight  of  the 
sponge.  If  oxidising  agents  were  present  during  the  electrolysis  of 
a  solution  of  zinc  sulphate,  zinc  sponge  was  always  formed,  whilst  in 
the  absence  of  such  bodies  deposits  of  smooth  white  zinc  were  ob- 
tained. For  example,  a  10  per  cent,  neutral  solution  of  zinc  sulphate, 
with  a  current  of  10  amperes  per  square  foot,  formed  sponge  at  the 
end  of  two  minutes  in  the  presence  of  001  per  cent,  of  hydrogen 
peroxide.  When  the  electrolyte  contained  O'l  per  cent,  of  zinc 
nitrate  as  an  oxidising  agent,  a  blackish-gray  deposit  of  zinc  con- 
taining oxide  formed  at  the  end  of  one  minute.  This  deposit  con- 
tained zinc  nitrate  and  requires  further  investigation.  A  cathode  of 
sheet  zinc  which  had  been  touched  in  several  places  with  turpentine 
containing  oxygen,  showed  at  once  the  commencement  of  the  forma- 
tion of  zinc  sponge  by  the  development  of  grayish-black  stains  at  the 
spots  that  had  been  touched.  From  a  10  per  cent,  solution  of 
sulphate  of  zinc  into  which  zinc  oxide  had  been  stirred,  with  a 
current  density  of  10  amperes  per  square  foot,  five  minutes  after  the 
commencement  of  the  electrolysis  gray  spongy  zinc  was  deposited 
upon  the  cathode  of  sheet  zinc  in  a  streak  along  the  surface  of  the 
solution.  The  presence  of  foreign  metals  in  the  electrolyte  promotes 
the  oxidation  of  zinc  (galvanically),  and  therefore  the  formation  of 
sponge.  Thus  a  10  per  cent,  solution  of  zinc  sulphate  which  con- 
tained 0*004  per  cent,  of  arsenic  in  the  form  of  ammonium  arsenite, 
gave  evidence  of  the  formation  of  spongy  zinc  after  electrolysis  for 
only  one  minute.  According  to  the  views  of  Mylius  and  Fromm. 
sponge  cannot  be  deposited  from  acid  solutions  of  sulphate 
of  zinc. 

Neutral  concentrated  solutions  of  zinc  sulphate  dissolve  small 
quantities  of  zinc  oxide,  so  that  these  solutions  give  compact  zinc 
during  the  first  hour  of  electrolysis.  The  liquid,  however,  soon  be- 
comes basic,  due  to  the  oxidation  of  zinc,  and  the  sponge  is  then 
deposited.  To  prevent  this,  it  is  necessary  to  maintain  the  solution 
slightly  acid ;  continuous  agitation  of  the  liquid  is  further  necessary, 
otherwise  it  becomes  dilute  at  the  cathode,  owing  to  the  different 
velocities  of  the  two  ions,  and  sponge  always  separates  out  from 
weak  basic  solution.  According  to  Mylius  and  Fromm,  sponge  can 
be  produced  owing  to  want  of  uniformity  in  the  quality  of  the 
electrodes.     This  happens,  for  instance,  when  capillary  spaces,  en- 
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closing  electrolyte,  are  formed  between  the  outstanding  zinc  crystals 
io  the  cathode.  This  enclosed  liquid  becomes  neutral  and  im- 
poverished in  zinc  ions,  and  the  formation  of  sponge  is  thus  set  up. 
As  soon  as  sponge  is  developed  at  any  one  spot,  the  liquid  passing 
through  it  is  quickly  deprived  of  its  zinc,  owing  to  the  uneven 
cuirent  densities  in  the  neighbourhood  and  the  restricted  movement 
of  the  electrolyte,  and  as  a  consequence  abundant  liberation  of 
hydrogen  takes  place,  and  opportunity  is  afforded  for  the  formation 
of  a  further  quantity  of  sponge.  Bubbles  of  hydrogen  formed  on  the 
cathode  even  in  weak  acid  solutions  can  occasion  the  precipitation  of 
sponge,  by  causing  uneven  precipitation  of  the  zinc  and  hindering 
thereby  the  renewal  of  solution  at  many  places  at  the  cathode  surface. 
Thus  Forster  and  GUnther  ^  observed  that  a  strongly  acidified  and 
but  little  agitated  solution  of  zinc  sulphate  gave  on  electrolysis  first 
a  honeycomb  mass  of  zinc,  built  round  large  bubbles  of  hydrogen 
which  clung  tenaciously  to  the  cathode,  and  afterwards  a  considerable 
deposit  of  sponge.  Hence  Mylius  and  Fromm  state  that  too  much 
free  acid  in  the  electrolyte  should  be  avoided,  otherwise  hydrogen  is 
liberated  at  the  cathode  along  with  zinc,  and  the  gas  bubbles  cling 
for  some  time  to  the  surfisM^e. 

Results  similar  to  those  of  Mylius  and  Fromm  have  been  obtained 
bv  Forster  and  Gilnther,  working  with  neutral  acid  and  basic  solu- 
tions of  zinc  chloride  (instead  of  sulphate)  and  soluble  anodes  made 
of  electrolytic  zinc  from  Upper  Silesia.  The  anode  zinc  contained 
0-03  per  cent,  of  lead  and  0'05  per  cent,  of  iron,  the  electrolyte  was 
freed  from  cadmium  before  use,  and  was  kept  in  agitation  by  a  stirrer. 
The  results  were  as  follows : — 

Neutral  solutions  of  zinc  chloride  containing  54'6  grams  of  zinc 
per  litre  were  electrolysed  with  a  current  density  of  116  ampferes  per 
square  yard.  The  zinc  first  formed  was  compact ;  after  20  hours  it 
had  become  spongy  and  the  electrolyte  was  turbid,  due  to  the 
separation  of  basic  zinc  chloride.  This  was  filtered  off  and  the 
filtrate  again  electrolysed,  when  the  deposited  zinc  became  spongy 
even  after  a  few  hours. 

It  was  sought  to  prevent  the  formation  of  sponge  by  addition  of 
chlorine  to  the  electrolyte,  but  the  result  was  unfavourable,  as  the 
sponge  was  formed  even  after  a  few  hours ;  slightly  acid  solutions  were 
al.so  tried  without  success.  Atmospheric  oxygen  in  presence  of  zinc 
Aloride  oxidised  zinc  rapidly ;  so  that  in  these  experiments  basic  zinc 
chloride  was  formed,  the  solution  lost  its  power  of  dissolving  zinc 
>xide,  and  sponge  was  formed  in  consequence.  The  deposition  of 
»  Ztit,fur  BUectrochemic,,  No.  1.  July  7,  1898,  p.  16. 
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sponge  was  obviated  as  long  as  the  solution  retained  its  power  of 
dissolving  zinc  oxide,  and  remained  clear  thereby. 

Acid  solutions  of  zinc  chloride  gave  a  deposit  of  compact  zinc.  It 
was  found  requisite  to  add  acid  from  time  to  time  to  replace  the  acid 
neutralised  by  the  zinc  oxide  formed  in  the  process.  The  best  results 
were  obtained  with  solutions  of  ^  to  ^V  normal  strength  of  hydro- 
chloric acid.  If  the  strength  of  free  acid  was  over  ^  normal,  then 
considerable  evolution  of  gas  took  place  at  the  cathode  and  the  zinc 
had  a  warty  appearance.  This  drawback,  which  was  also  noticeable 
to  some  extent  when  the  solutions  were  much  less  acid,  could  be 
corrected  by  keeping  a  little  chlorine  in  solution.  The  action  of  the 
chlorine  was  to  prevent  the  hydrogen  bubbles  from  lingering  too  long 
at  one  place,  occasioning  thereby  unevenness  in  current  density  and 
concentration  at  the  surface  of  the  cathode.  In  this  way  zinc  free 
from  arsenic  was  successfully  prepared  from  commercial  zinc.  The 
cathodes  had  a  total  area  of  I  square  foot,  the  current  strength  was 
5*5  amperes,  equal  to  a  current  density  of  167  amperes  per  square 
yard,  and  the  tension  0*9  volt.  To  remove  hydrogen  bubbles  from 
the  cathode,  air  can  be  blown  through  the  electrolyte,  which  promotes 
in  addition  the  circulation  of  the  liquid.  It  was  found,  however,  that 
owing  to  the  rapid  oxidation  of  the  zinc  at  the  electrodes,  the 
free  acid  was  neutralised  much  more  quickly  than  when  chlorine  was 
used,  so  that  the  latter  is  to  be  preferred. 

The  basic  solutions  of  zinc  chloride  contained  150  grams  of  zinc 
and  157'7  grams  of  chlorine  (t.e.  4*82  grams  of  zinc  as  zinc  oxide)  in 
a  litre  of  the  solution.  The  electrolyte  was  heated  to  60°  C.  and  a 
current  density  of  125  amperes  per  square  yard  was  employed.  At 
first  the  deposited  zinc  was  compact ;  after  a  short  while,  however,  a 
fine  branching  growth  began  at  the  edges  and  spread  over  the  whole 
of  the  cathode.  As  the  electrolyte  grew  more  and  more  alkaline  and 
became  turbid,  the  experiment  was  stopped. 

The  experiments  of  Forster  and  Gtinther  point  to  the  conclusion 
that  sponge  is  formed  from  solutions  of  zinc  chloride  only  when  they 
contain  a  large  amount  of  suspended  oxychloride  which  they  are  no 
longer  able  to  dissolve.  Upon  the  results  of  these  experiments 
Forster  and  Qunther  base  their  opinion  that  sponge  is  formed  in 
neutral  or  slightly  basic  solutions  of  zinc  chloride  and  sulphate,  when 
these  solutions  become  so  impoverished  in  zinc  and  hydrogen  ions 
that  the  concentration  of  the  residual  hydroxyl  ions  at  the  cathode 
exceeds  that  of  solutions  of  zinc  hydroxide  or  basic  sulphate  and 
chloride  of  zinc.  If  these  compounds  separate  out  along  with  tht- 
zinc  at  the  cathode,  then  the    process   of  crystallisation  and    thf 
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deposition  of  a  uniform  coating  is  disturbed,  and  the  opportunity 
arises  for  the  formation  of  spongy  masses.  Hydrogen  is  always 
evolved  firom  weak  solutions  of  zinc  salts,  and  in  the  precipitation  of 
metals  which  are  more  electronegative  than  zinc.  These  metals 
increase  the  formation  of  zinc  oxide,  the  further  they  are  removed 
from  zinc  in  the  order  of  tension.  It  is,  therefore,  necessary  to 
remove  them  from  the  electrolyte  before  beginning  the  electrolysis. 

According  to  Forster  and  Qlinther,  the  formation  of  sponge  can  be 
hindered  by  keeping  the  electrolyte  slightly  acid,  as  this  prevents 
any  considerable  concentration  of  hydroxyl  ions.     If  soluble  anodes 
be  used  the  acid  must  be  renewed  continuously,  as  it  becomes  ex- 
hausted by  the  liberation  of  hydrogen  and  by  its  neutralisation  with 
the  zinc  oxide  formed  by  oxidation  of  the  zinc  by  atmospheric  oxygen. 
It  is  also  needful  to  keep  the  acid  electrolyte  in  fairly  rapid  motion 
at  the  cathode,  otherwise  those  portions  of  the  liquid  in  the  imme- 
diate neighbourhood  of  the  plate  may  become  neutral  or  basic,  and 
thus  give  rise  to  the  formation  of  sponge.     Further  experiments  on 
the  influence  of  oxidising  agents  on  the  formation  of  sponge  show 
that  the   action  is  promoted   in   neutral   solutions  by  ammonium 
nitrate  and  hydrogen  peroxide,  while  in  acid  solutions,  though  the 
former  substance  retains  its  power  (in  ^^  normal  sulphuric  acid),  the 
latter  loses  it.     The  halogens  and  ammonium  persulphate  hinder  the 
formation  of  sponge. 

Compact  zinc  was  formed  in  presence  of  potassium  permanganate 
to  the  extent  of  01  gram  in  a  neutral  solution  of  250  grams  of  zinc 
sulphate  in  1  litre  of  water,  the  current  density  being  84  to  125 
amperes  per  square  yard.  Manganese  peroxide  is  thrown  down 
along  with  this,  and  as  this  body  can  combine  with  zinc  oxide,  it 
is  possible,  according  to  Forster  and  Gtinther,  that  the  cause  of  the 
disturbed  crystallisation  of  the  electrolytic  zinc  lies  in  this  reaction. 

According  to  Siemens  and  Halske,  the  formation  of  spongy  zinc 
is  due  to  the  presence  of  small  quantities  of  hydrogen  and  traces  of 
zinc  hydride  (ZnHg).  To  avoid  this  objection,^  they  propose  to  fix  the 
hydrogen  by  means  of  free  halogens,  or  by  such  halogen  compounds 
as  will  combine  with  the  hydrogen  with  the  formation  of  the  respective 
hydrides.  Among  such  bodies  applicable  to  a  solution  of  sulphate  of 
zinc  may  be  named  a  weak  solution  of  chlorine,  bromine  or  iodine,  or 
a  weak  solution  of  free  hypochlorous  or  hypobromous  acid,  or  chlorine 
or  bromine  gas,  or  chlorine  and  bromine  substitution  products  of 
organic  bodies  which  are  soluble  in  water,  and  which  give  up  their 
chlorine  or  bromine,  and  are  thus  reduced  to  lower  compounds  by 

»  D.  R..P.  No.  60692. 
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nascent  hydrogen,  as,  for  instance,  the  soluble  chlorhydrine  of  glycerol 
and  other  glycols.  When  an  excess  of  chlorine  is  present  in  the 
solution  of  zinc  sulphate,  hypochlorous  acid  is  always  formed  accord- 
ing to  the  following  equation  : — 

2ZnSO^+2H20+2Cl,=ZnCl2+Zn(HSOj2+2HOCl. 

The  chemical  changes  that  take  place  when  the  above  bodies  are 
added  are  the  following : — Free  chlorine  forms  hydrochloric  acid  with 
either  hydrogen  or  with  the  hydrogen  of  zinc  hydride,  as  is  shown 
in  the  following  equations : — 

ZnH2+Clg=Zn+2HCl 
H+C1  =  HC1. 

As  these  substances  are  only  employed  in  very  small  quantities, 
the  hydrochloric  acid  produced  is  too  dilute  to  have  any  dissolving 
action  upon  the  cathode.  The  dilute  hydrochloric  acid,  however, 
forms  free  chlorine  with  hypochlorous  acid  formed  as  above,  as 
shown  in  the  following  equations : — 

HCl+H0Cl  =  H,0+Cl2. 

Hypochlorous  acid  or  hypobromous  acid  acts  as  follows  upon  zinc 
hydride  and  hydrogen : — 

ZnH2+H0Cl  =  Zn  +  H,0+HCl 
H2+H0C1  =  H20  +  HC1. 

The  zinc  chloride  formed  by  the  action  of  chlorine  upon  zinc  is 
transfonned  into  zinc  sulphate  by  the  sulphuric  acid  liberated  at  the 
anode  and  diffusing  from  it  through  the  solution,  as  shown  by  the 
following  equation : — 

ZnClg + H2SO4  =  ZnSO^ + 2HC1. 

The  hydrochloric  acid  thus  formed  again  forms  free  chlorine  with 
the  hypochlorous  acid. 

The  chlorine  liberated  in  these  various  reactions  continually  act* 
over  again  in  the  above  manner.  In  the  presence  of  hypochlorous 
acid  in  the  solution  the  chlorine  is  accordingly  regenerated  to  a  vcn* 
large  extent.  Zinc  deposited  with  the  addition  of  these  bodies  is  saiil 
to  be  compact  and  of  a  silvery  colour.  It  is  necessary,  in  conducting 
the-  process,  that  the  fluid  to  be  (electrolysed  shall  constantly  show  a 
distinct  reaction  of  the  free  halogen  or  of  the  active  oxycompound  o: 
that  halogen. 
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Mylius  and  Fromm  ^  consider  that  the  above  opinion  of  Siemens 
and  Halske,  that  the  formation  of  zinc  sponge  can  be  prevented  by 
the  destruction  of  zinc  hydride  as  above,  is  not  tenable.  They  refer 
the  action  of  chlorine,  iodine,  hypochlorous  acid,  &c.,  merely  to  the  fact 
that  these  bodies  are  acid  formers.  According  to  Borchers,*  it  has 
not  been  proved  that  zinc  hydride  is  formed  when  zinc  salts  are 
electrolysed.  He  is  of  the  same  opinion  as  Mylius  and  Fromm,  and 
adds  that  in  the  presence  of  sulphurous  acids,  phosphorous  and  hypo- 
phosphorous  acids,  i,e.,  of  reducing  agents,  he  has  obtained  the  same 
results  as  were  produced  by  Siemens  and  Halske  by  means  of 
chlorine,  bromine,  iodine,  &c.  According  to  the  experiments  of 
Nahnsen,  zinc  is  thrown  down  in  the  spongy  form  when  the  solutions 
of  zinc  salts  are  rendered  impure  to  any  great  extent  by  the  presence 
of  other  metals.  In  addition  to  the  absolute  quantity  of  these 
foreign  bodies  present,  the  strength  of  the  zinc  solution  and  the 
density  of  the  electric  current  are  also  important.  With  1  lb.  of  zinc 
to  1  gallon  of  solution,  0*004  oz.  of  copper  in  the  gallon  have,  accord- 
ing to  Nahnsen,  no  effect  upon  the  character  of  the  deposit.  With 
J  lb.  in  one  gallon  there  is  a  distinctly  perceptible  evolution  of  gas. 
With  0*016  oz.  to  the  gallon  there  is  evolution  of  gas  and  the.  deposit 
at  the  same  time  becomes  slightly  warty.  With  0024  oz.  this  warti- 
ness  appears  earlier  and  more  strongly  marked  ;  and  with  0*048  oz. 
in  the  gallon  the  zinc  is  thrown  down  in  the  spongy  form. 

With  3*2  oz.  of  zinc  in  the  gallon  of  solution  as  little  as  0*0016  oz. 
of  copper  in  the  gallon  produces  a  few  scattered  spota  With 
0*008  oz.,  the  whole  electrode  becomes  warty,  and  with  002  oz.  of 
copper  in  the  gallon  the  deposit  becomes  spongy  at  the  end 
of  55  minutes.  Cadmium,  silver,  arsenic,  and  antimony  are  said  to 
behave  like  copper  ;  iron  is  said  to  promote  the  evolution  of  hydrogen 
and  to  render  the  baths  impure  by  the  separation  of  ferric  and  ferrous 
oxides,  without  having,  however,  any  influence  upon  the  formation  of 
spongy  zinc,  as  long  as  the  quantity  is  not  excessive.  For  instance, 
according  to  Nahnsen,  with  3*2  oz.  of  zinc  and  0*32  oz.  of  iron  as 
protoxide  in  the  gallon  of  solution,  no  sponginess  was  noticeable  ; 
neither  was  there  any  with  the  same  amount  of  zinc  and  0*4  oz.  of 
iron  in  the  form  of  peroxide. 

Mylius  and  Fromm*  assume  that  those  foreign  metals  which 
promote  the  oxidation  of  zinc  electrically  give  rise  to  the  formation  of 
sponge.  According  to  their  experiments,  on  electrolysing  a  10  per 
cent,  solution  of  zinc  sulphate,  which  contained  0004  per  cent,  of 

*  ZeiUehr.f,  Anarg.  Chem.,  vol.  ix.,  1895,  p.  144. 
»  Bltctro-MttoUlurgy,  1896,  p.  283.  '  Loc.  cit. 
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arsenic  as  amnionic  arsenite,  at  the  end  of  a  minute  zinc  sponge  was 
produced.  Nahnsen  proposes  first  to  precipitate,  by  means  of  lime  or 
a  similar  re-agent,  both  the  zinc  and  the  foreign  metals  from  the 
crude  solutions,  and  to  treat  the  precipitate  thus  obtained  with  the 
acid  electrolyte  escaping  fix)m  the  baths.  The  latter,  after  it  has  been 
neutralised,  traverses  a  series  of  vessels  in  which  it  comes  in  contact 
with  zinc  dust,  which  precipitates  the  metals  which  are  electro- 
negative towards  zinc,  an  equivalent  quantity  of  zinc  passing  into 
solution.  Iron  generally  occurs  in  the  neutral  or  feebly  basic  solu- 
tions as  ferrous  salt.  It  can  only  be  precipitated  out  of  the  solution 
after  conversion  into  a  ferric  salt.  According  to  a  patent  of  the 
company  which  has  succeeded  to  EgestorJBTs  Salt  Works,^  iron  can  be 
removed  from  solutions  of  sulphate  by  the  addition  of  carbonate  of 
lime,  and  passing  a  current  of  air  through  the  solution.  If  the  iron 
is  present  as  chloride  and  not  in  too  large  quantity,  It  is  best  oxidised 
and  precipitated  by  the  addition  of  a  small  quantity  of  chloride  of 
lime,  the  calcium  chloride  so  formed  having  no  injurious  effect  upon 
the  electrolysis.  If  the  quantity  of  iron  present  is  exceedingly  small, 
the  iron  is  best  oxidised  by  a  solution  of  a  chromate  and  precipitated 
by  the  simultaneous  addition  of  soda,  zinc  oxide  or  zinc  carbonata 
Both  the  iron  and  chromium  are  thus  thrown  down  in  the  form  of 
hydrates,  as  shown  in  the  following  equation,  sodium  chromate  and 
soda  being  employed  : — 

BFeClg + 2Na2Cr04 + 4Na^C03 + 1 2H2O  =  SFegHgOe + Cr^H^Oe + 
12NaCl+4C02. 

According  to  Pfleger,*  basic  zinc  salts  (ZnClj,  3ZnO,  or  ZnSO^, 
4ZnO)  are  to  be  added  to  the  solutions  of  zinc  to  purify  the  latter 
and  to  produce  a  basic  electrolyte,  previous  to  electrolysis.  As 
pointed  out  by  Borchers,  when  zinc  solutions  contain  ferrous  salts, 
these  must  be  oxidised  to  ferric  salts  by  means  of  chloride  of  lime, 
sodium  hypochlorite,  or  by  chromates  before  the  basic  zinc  salts  are 
added.* 

Pertsch^  assumes  that  the  formation  of  spongy  zinc  in  the 
electrolysis  of  solutions  of  zinc  chloride  is  due  to  the  formation  of 
haloid  acids,  oxychlorides,  and  other  imperfectly  known  compounds. 
To  prevent  the  formation  of  sponge,  he  adds  a  solution  of  oxalate 
in  aqueous  oxalic  acid  to  the  electrolyte.  In  the  presence  of  this 
salt  the  formation  of  chlorous  and  hypochlorous  acids  is  said  to  be 
prevented,  nor  is  any  notable  amount  of  water  decomposed.     Tho 

»  D.  R..P.  No.  23712.  2  U.S.A.  Pat.  495937,  April  19,  1893. 

^  Jahrh,  d.  Electro  Chem.,  1895,  p.  164.  *  I).  R-P.  No.  66185. 
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action  of  the  zinc  oxalate  depends  upon  the  easy  decomposability  of 
this  salt  into  metal  and  acid  radical.  Oxalic  acid  used  in  this  process 
is  destroyed  in  consequence  of  its  decomposition  by  polarising  bodies. 
Oxalic  acid  and  oxalates  have  already  been  used  by  Classen  in  electro- 
lytic work,  and  have  proved  of  service  in  electrolytic  analysis,  but 
they  would  probably  be  too  expensive  on  a  large  scale. 

Lindemann  ^  has  found  that  a  compact  and  perfectly  pure  deposit 
of  zinc  can  be  obtained  from  a  solution  of  zinc  sulphate,  if  zinc 
sulphide  is  maintained  in  suspension  in  the  solution,  the  sulphide 
being  precipitated  by  sulphuretted  hydrogen  from  a  neutral  solution 
of  zinc  sulphate.     The  reactions  are  expressed  by  the  equations 

ZnS  +  Hg  (electroly tically  generated) = Zn  +  H^S 
H^+ZnSO^=ZnS  +  H,SO,. 

The  sulphuric  :icid  must  be  rendered  harmless  by  addition  of  fresh 
zinc  sulphide  or  of  oxidised  zinc  compounds.  Nothing  is  known  as  to 
the  application  of  this  process.  To  prevent  the  formation  of  a  jagged 
edge  on  the  cathode  (produced  by  the  high  current  density  there) 
the  cathodes  are  made  larger  that  the  anodes.  The  thickness  and 
the  resistance  of  the  electrolyte  between  the  edges  of  the  cathode 
and  anode  plates  are  thus  increased,  and  the  current  densities  on  the 
cathode  edges  diminished.* 

We  have  now  to  distinguish  : — 

1.  The  extraction  of  zinc  from  ores. 

2.  The  extraction  of  zinc  from  alloys. 

1.  The  Extraction  of  ZItic  from  Ores 
When  zinc  is  to  be  extracted  from  ores,  the  solution  should,  as  a 
rule,  be  produced  apart  from  the  electric  circuit.  In  the  majority  of 
the  processes  proposed  up  to  the  present,  the  zinc  is  dissolved  in  the 
form  of  sulphate  or  of  a  double  sulphate,  as  chloride  or  a  double 
chloride.  Other  proposals  have  been  made  to  dissolve  the  zinc  with 
sulphurous  acid,  alkalies  or  alkaline  salts,  or  with  vegetable  acids. 
Unless  other  metals  are  to  be  dissolved  from  the  anodes,  it  is 
necessary  to  work  with  insoluble  anodes.  An  evolution  of  gas  is 
thus  produced,  and  a  great  consumption  of  electric  energy  is  rendered 
necessary.  At  the  same  time  this  evolution  of  gas  tends  to  the 
formation  of  spongy  zinc.  The  various  depolarising  agents  will  be 
described  under  the  individual  processes  to  be  mentioned  below. 
A  general  method  of  depolarising,  proposed  by  Borchers,^  which 

»  D.  R.-P.  Kl.  40,  No.  81640. 

2  See  EHchellmann,  D.  R.-P.  117067.  ^  Op-  «^m  P-  98. 
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has  not  yet,  however,  been  employed  practically,  will  alone  b 
referred  to  here.  Borchers  proposes,  in  consequence  of  certain  ex 
periments  carried  out  by  him,  to  employ  oxygen  separated  in  th 
course  of  electrolysis  as  an  oxidising  agent  for  certain  organi 
compounds  in  place  of  the  oxidising  agents,  such  as  peroxides,  per 
manganates,  chromic  acid,  arsenic  acid,  &c.,  hitherto  used,  and  thu 
to  combine  the  electrolysis  of  the  metal  with  a  process  of  oxidatioi 
to  the  advantage  of  both  operations.  The  material  for  his  oxidatioi 
process  he  finds  in  various  distillation  products  of  coal  tar,  such,  foi 
example,  as  the  cresols.  By  mixing  and  digesting  these  substances 
with  concentrated  sulphuric  acid  they  are  readily  converted  int< 
cresol-sulphonic  acids,  which  are  good  conductors  and  are  readilj 
soluble  in  water.  In  the  course  of  a  sufficiently  long-continuec 
electrolysis  these  are  oxidised  to  carbon  dioxide,  water,  and  sulphuric 
acid.  If,  however,  the  electrolysis  is  interrupted  at  a  suitable  time, 
according  to  Borchers,  the  whole  series  of  the  theoretically  possible 
intermediate  oxidation  products  can  be  obtained.  It  is  a  necessan' 
condition  for  the  combination  of  electrolysis  with  the  processes  oi 
oxidation  that  the  oxidation  product  formed  shall  be  readily  separable 
from  the  solution  that  has  to  be  electrolysed.  In  experiments  carried 
out  with  such  materials,  Borchers,  employing  a  current  of  4*6  to  5*G 
amperes  per  square  foot,  obtained  a  brilliant  and  compact  deposit  of 
zinc.  In  order  to  maintain  this  current  density,  a  tension,  according 
to  the  proportion  of  zinc  in  the  electrolyte,  of  from  1*5  to  2  volts  wai> 
required.  When  currents  of  14  amperes  per  square  foot  and  an  initial 
tension  of  3  volts  were  employed,  Borchers  obtained  good  zinc,  but 
the  bath  heated  rapidly  and  increased  the  tension  to  such  an  extent 
that  the  work  became  unprofitable.  The  quantity  of  zinc  which  can 
be  calculated  upon  in  this  method  of  depolarisation  is  given  by 
Borchers  as  at  the  utmost  0*9  lb.  per  hour  per  horse-power. 

The  tension  required  for  the  decomposition  of  zinc  sul- 
phate is  2'35  volts,  and  for  zinc  chloride  2*43  volts,  and  1*217 
grams  of  zinc  are  deposited  from  zinc  solutions  by  1  ampere 
hour. 

According  to  Killiani,  the  tension,  when  carbon  anodes  are  used. 

must  be  at  least  2*5  volts  to  prevent  the  deposition  of  zinc  oxide, 

together  with  the  zinc     Thus  2*5  watt-hours  are  requisite  to  furnish 

1*217  grams  of  zinc.     The  power  which  is  required  to  precipitate  one 

kilogramme  of  zinc  is  therefore  2083  watt-hours,  as  as  736  watts 

2083 
=  1  h.-p.,  therefore  ^-—  =  283  h.-p.  will  be  needed.    As,  however,  a 
736 

horse-power  does  not  produce  736  watts,  but  from  600  to  680,  say 
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<50  watts,  in  consequence  of  the  power  lost  when  mechanical  work 

IS  converted   into   electricity,   and    as   the   older  dynamos   wasted 

?5  per  cent,  of  the  current  in  consequence   of  the   conversion  of 

the  latter   into   heat,  &c.,  the  horse-power   must  be  reckoned  as 

2083 
>.-^ — x^r=  =  4'3  h.-p.     If  2  kilosrammes  of  coals  are  reckoned  per 
6oO  X  0-75  r  &  r 

torse-power  per  hour,  the  quantity  of  coal  consumed  in  the  older 

«team  engines  using  poor  coal,  for  1  kilo  of  zinc,  would  amount  to 

%Q   kilos.     With  modem  high  pressure   engines   working  expan- 

"rively,  and  condensing,  the  coal  consumption  per  horse-power  per 

hour  may  be  taken  as  1'5  kilos,  so  that  6*45  kilos  of  coal  would  be 

needed  for  the  deposition  of  1  kilo  of  zinc. 

In  the  case  of  zinc  chloride  solutions  the  consumption  of  power 

would  be  still  greater,  since  the  decomposition  tension  is  higher  than 

in  the  case  of  the  sulphate  (2'43  volts  against  2%35),  and  since  the 

resistance  in  the  bath  is  greater  owing  to  the  need  for  working  with 

diaphragms.     Experience  shows  that  the  tension  of  the  bath  may  be 

placed  at  3  to  3*5  volts.     The  coal  consumption  for  the  distillation  of 

zinc  in  Belgian  and  Belgo-Silesian  furnaces  is  less  than  that  required 

for  the  electrolytic  precipitation  of  zinc.   As  regards  the  extraction  of 

zinc  from  the  ores  by  means  of  electrolysis,  it  is  but  rarely  perfect,  as 

when  zinc  is  leached  out  by  means  of  dilute  acids  certain  quantities  of 

metal  generally  remain  in  the  residues.     This  is  especially  the  case 

when  the  ores  contain  iron,  as  is  generally  the  case.     If  ferriferous 

zinc  blende  is  calcined  and  then  leached  out  with  weak  acids,  the  loss 

of  zinc  amounts  to  20  per  cent,  for  Upper  Silesian  ores  (Nahnsen). 

From  Rhenish  and  Belgian  ores  containing  very  little  iron,  zinc  is 

said  to  be   extracted  down  to   2   per  cent.,  and   even   less.     The 

presence  of  lead  has  no  effect  upon  the  extraction  of  zinc  as  long  as 

particles  of  zinc  blende  are  not  enveloped  in  the  sulphate  of  lead 

formed  from  the  sulphide  during  calcination. 


(a)  The  Extraction  of  Zinc  from  Zinc  Ores  Prcrper 

The  extraction  of  zinc  from  zinc  ores  proper  has  up  to  the  present 
nowhere  come  into  use,  and  having  regard  to  the  power  required,  as 
stated  above,  for  the  deposition  of  the  zinc,  as  also  for  the  difficulties 
connected  with  the  production  of  compact  zinc,  there  seems  but  little 
likelihood  of  its  introduction  upon  a  working  scale  in  the  immediate 
future.  The  extraction  of  zinc  from  solutions  of  sulphate  and 
chloride,  combined  with  dissolving  the  zinc  out  of  its  ores  within  the 
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electric  circuit,  had  been  proposed  in  1880  by  Luckow,^  but  has  never 
come  into  use  upon  a  large  scale.  The  patent  covers  the  production 
of  zinc  by  the  electrolysis  of  concentrated  solutions,  the  acids  or  the 
chlorine  thus  liberated  being  allowed  to  act  upon  the  zinc  ores, 
whilst  polarisation  is  prevented  by  mechanical  or  chemical  means. 
The  decomposing  cells  are  to  be  formed  of  wooden  vats ;  sheets  of 
zinc  are  to  be  used  as  cathodes,  and  wire  baskets  as  anodes,  these 
containing  mixtures  of  carbon  and  zinc  ores,  or  zinciferous  metal- 
lurgical products,  or  baskets  or  boxes  made  of  wire  and  filled  with 
carbon  only.  The  zinc,  which  is  said  to  separate  out  at  the  cathode 
.  in  the  form  of  grains,  is  to  be  caught  on  frames  covered  with  cloth, 
arranged  beneath  the  cathodes.  By  employing  a  solution  of  chloride 
of  zinc  or  a  feebly  acid  solution  of  common  salt  as  the  electrolyte, 
and  a  mixture  of  coke  and  zinc  blende  as  the  anode,  the  chlorine 
evolved  during  the  electrolysis  was  said  to  decompose  the  blende  and 
dissolve  the  zinc.  When  the  anode  consists  of  carbon  alone,  the 
chlorine  produced  was  either  to  be  removed  mechanically  by  forcing 
in  air,  or  chemically  by  forcing  in  sulphur  dioxide.  This  process  has 
not  been  employed  on  a  working  scale.  The  employment  of  ores  as 
anodes,  or  the  dissolving  of  zinc  out  of  them  in  the  bath,  causes  the 
liquors  to  become  impure,  and  baffles  all  attempts  to  prepare 
compact  zinc.  In  the  absorption  of  the  chlorine  by  sulphur  dioxide, 
twice  as  much  hydrogen  chloride  is  produced  as  is  equivalent  to  the 
zinc  precipitated. 

CI2 + SO, + 2H2O  =  2HC1  +  H^SO,. 

The  process  of  Letrange,*  which  was  tested  at  St.  Denis,  in 
France,  upon  a  large  scale,  depends  upon  the  transformation  of  zinc 
blende  into  the  sulphate  outside  the  electric  circuit,  and  the  deposition 
of  the  zinc  from  the  sulphate  by  means  of  the  electric  current.  The 
ores  at  St.  Denis  were  blendes,  which  were  exposed  to  a  sulphatising 
calcination  in  reverberatory  furnaces,  or  were  burnt  in  kilns,  and  then 
brought  into  contact  with  the  sulphur  dioxide  produced  during 
calcination.  By  means  of  the  calcination  a  portion  of  the  sulphide 
of  zinc  was  converted  into  sulphate,  another  into  zinc  oxide.  By 
means  of  sulphur  dioxide  the*  zinc  oxide  was  converted  into  zinc 
sulphite,  which  in  the  course  of  time  was  oxidised  to  zinc  sulphate  by 
exposure  to  the  air.  The  blende  thus  prepared  was  transferred  U^ 
leaching  vats,  in  which  it  was  treated  with  water  or  with  the  acid 

>  D.R.-r.  No.  1425(5. 

^  Berg- rmd  lluttenm.  Ztg.^   1882,  p.  489;  DingL,  vol.  ccxlv.   p.  455;  AuMrioh 
Pat.,  November  12,  1881, 
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solution  obtained  in  electrolysis.  The  zinc  sulphate  solution  thus 
obtained  was  run  first  into  a  collecting  tank,  and  thence  into  the 
baths.  These  latter  were  vats  with  double  bottoms;  the  zinc 
solution  was  introduced  into  the  interspaces  between  the  two 
bottoms,  and  rose  up  through  perforations  in  the  upper  one.  The 
anodes  consisted  of  plates  of  carbon,  the  cathodes  of  plates  of  brass 
or  zinc.  As  it  slowly  ascended,  the  zinc  solution  gave  oflF  a  consider- 
able portion  of  its  zinc  contents  to  the  cathode,  and  thus  reached 
the  upper  portion  of  the  tank,  whence  it  flowed  through  an  over- 
flow tube  into  a  collecting  tank.  From  this  tank  it  was  made  to 
pass  over  roasted  ore  in  order  to  saturate  itself  with  zinc,  and  was 
again  electrolysed.  The  arrangement  of  the  plant  is  shown  in  Fig. 
231.    A  are  the  vessels  for  leaching  the  calcined  blende ;  B  is  the 
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collecting  tank  for  the  solution  ;  G  are  the  baths ;  c  are  the  plates  of 
zinc  or  brass  placed  opposite  to  the  plates  of  carbon  forming 
the  anodes ;  o  are  the  openings  for  the  overflow  pipes ;  d  are  the 
tubes  which  convey  the  solution  to  be  electrolysed  under  the  false 
bottom  of  the  baths.  The  acid  electrolyte  is  lifted  by  means  of 
the  pump  P  out  of  the  collecting  tank  placed  beneath  it  into  the 
vessel  jB,  from  which  it  passes  into  the  leaching  tanks  A,  The  zinc 
is  said  to  have  been  deposited  at  the  cathode  in  the  form  of  sheets, 
and  when  its  thickness  reached  01 6  to  0*2  inch,  it  was  stripped  off 
from  the  cathode  by  means  of  a  knife.  The  zinc  contained  iron, 
because  ferric  sulphate  was  dissolved  out  from  the  calcined  blende. 
The  current  density  and  tension  employed  in  this  process  are  not 
stated ;  as  no  depolarising  took  place,  these  must  have  been  very  high. 
There  is  no  information  about  the  precautions  taken  to  prevent  the 
tomiation  of  zinc  sponge,  nor  about  the  methods  of  purification.     In 
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the  literature  on  the  subject,^  the  amount  of  zinc  deposited  per  hour 
per  horse-power  is  given  as  1'3  lb.,  which  is  fer  too  high  a  figure. 
It  probably  did  not  amount  to  0*4  lb.  The  fact  that  this  method  was 
given  up  is  proof  of  its  not  jrielding  favourable  results. 

Hermann  2  has  attempted  to  improve  the  process  by  the  em- 
ployment of  double  salts  of  zinc  sulphate  and  sulphates  of  the 
alkalies,  of  magnesium  or  of  aluminium.  Nahnsen  has  also  recom- 
mended the  addition  of  alkaline  sulphates  to  solutions  of  zinc 
sulphate ;  it  is,  at  any  rate,  a  fact  that  zinc  sulphate  containing  double 
salts  was  employed  by  Nahnsen  in  his  experiments  for  working  the 
zinc  ores  at  Lipine  in  Upper  Silesia.  Nahnsen's  process  has  been 
tried  experimentally  at  the  works  of  the  Silesian  Company  for  zinc 
mining  and  smelting  in  Lipine,  but  has  not  succeeded  in  establishing 
itself  The  composition  of  the  electrolyte  is  kept  secret.  It  can 
only  be  said  that  it  consists  of  zinc  sulphate  in  combination  with 
other  salts  which  are  not  decomposed  at  the  tension  of  the  current 
employed.  According  to  the  process  patented  by  Nahnsen,*  the 
electrolyte  contains  7  to  14  oz.  of  crystallised  zinc  sulphate  and  15 
to  3  lb.  of  alkaline  sulphate  in  the  gallon,  according  to  the  strength 
of  the  current.  Nahnsen  has  communicated  the  following  to  the 
author  respecting  his  process : — 

"  The  ores  (blende)  are  first  calcined  in  the  same  way  as  for  dis- 
tillation ;  they  are  then  brought  into  contact  with  hot  acid  solutions 
as  these  leave  the  baths,  the  zinc  being  thus  extracted  fix)m  them. 
The  zinc  solution  is  neutralised  and  clarified,  treated  in  tanks  with 
zinc  dust  for  the  precipitation  of  any  electro-negative  constituents 
that  may  be  present,  and  then  returned  to  the  baths.  The  essentiid 
apparatus  in  this  plant  is  that  used  for  the  solution  of  the  zinc,  which 
is  so  arranged,  upon  the  principle  of  opposing  currents,  that  the  zinc 
ores  are  fed  in  automatically  and  the  residues  free  from  zinc  auto- 
matically removed.  The  whole  process  consists  of  the  following  two 
phases : — (1)  Decomposition  of  the  electrolyte  in  the  bath  into  zinc 
and  sulphuric  acid ;  (2)  transfer  of  the  sulphuric  acid  or  of  the  acid 
solution  into  the  dissolving  apparatus,  where  it  is  saturated  with  zinc 
from  the  ores.  It  is  essential  for  the  execution  of  the  process  that 
solutions  free  from  iron  should  be  obtained.  This  object  is  attained 
by  allowing  the  acid  solutions  in  the  dissolving  tanks  to  come  in  con- 
tact with  ores  containing  continually  increasing  percentages  of  zinc, 
so  that  any  oxide  of  iron  in  the  solutions  is  rapidly  precipitated  by 
the  oxide  of  zinc.     By  this  means  solutions  of  zinc  sulphate    frot? 

1  Berg-  und  Huttenm.  Ztg.,  1883,  p.  287. 
'  D.R.-P.  No.  24682,  April  24,  1883.  '  D.R.-P.  No.  71155. 
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from  iron  are  obtained.     Any  electro-negative  metals  that  may   be* 
present  in  the  solutions  are  precipitated  by  means  of  zinc  dust." 

The  zinc  is  obtained  pure  and  in  a  compact  form.  With  plates 
08  inch  thick,  the  loss  on  melting  is  about  4  per  cent.  The  zinc 
contains  99'9  per  cent,  of  metal.  According  to  Nahnsen,  the  question 
of  apparatus  is  the  important  one  in  carrying  out  this  process  on  a 
large  scale.    The  process  has  not  yet,  however,  come  into  use. 

lindemann^  proposes  to  throw  down  by  means  of  the  electric 
current  very  pure  zinc  in  the  compact  condition  from  solutions  of 
zinc  sulphate  in  which  zinc  sulphide  is  suspended.  The  sulphide  of 
zinc  is  produced  by  precipitating  a  solution  of  pure  zinc  sulphate  of 
37*^  to  38"*  B.  by  means  of  sulphuretted  hydrogen.  The  electrodes 
consist  of  rolled  lead.  They  are  0*4  inch  apart,  and  the  current 
density  employed  in  the  experiments  amounted  to  10  ampferes  per 
•square  foot ;  the  tension,  which  is  not  stated,  may  be  taken  as  3  to 
4  volts.  The  cathodes  were  subsequently  to  be  replaced  by  electro- 
lytic deposits  of  zinc  with  their  edges  cut  smooth.  The  anodes, 
which  gradually  become  covered  with  a  superficial  layer  of  peroxide 
of  lead,  must  be  freed  from  the  latter  by  being  washed  from  time  to 
time.  As  soon  as  the  bath  contains  9  to  9^  oz.  of  free  sulphuric 
acid  per  gallon,  a  current  density  of  10  amperes  per  square  foot  can 
no  longer  deposit  zinc  from  it.  Before,  therefore,  the  free  acid 
present  reaches  this  amount,  the  electrolyte  must  be  replaced  by  a 
neutral  solution  of  zinc  sulphate.  The  zinc  sulphide,  which  is 
gradually  decomposed  by  the  acid  liberated,  must  be  renewed  from 
time  to  time.     This  process  has  not  yet  come  into  use. 

Siemens  and  Halske  *  propose  for  the  extraction  of  zinc  from  its 
sulphide  a  process  similar  to  that  for  the  extraction  of  copper  from 
ores  containing  copper  sulphide,'  in  which  polarisation  is  partly  pre- 
vented by  the  secondary  action  of  the  anion  upon  the  electrolyte. 
The  slightly  roasted  zinc  blende  is  to  be  treated  outside  the  electric 
circuit  with  a  solution  of  ferric  sulphate  containing  free  sulphuric 
acid,  whereby  the  zinc  is  dissolved  in  the  form  of  sulphate,  ferrous 
sulphate  being  at  the  same  time  produced,  and  sulphur  separated 
out,  two  molecules  of  ferrous  sulphate  being  formed  for  every  mole- 
cule of  zinc  sulphate,  as  shown  in  the  equation : — 

ZnS-hFe^S0J,=ZnS0^+2FeS0^+S. 

The  solution  of  zinc  thus  obtained  is  conducted  into  the  bath,  first 
to  the  cathodes,  and  then  to  the  anodes.  At  the  cathodes  a  portion  of 
the  zinc  is  deposited,  whilst  the  acid  radical,  SO^,  goes  to  the  anode. 

'  D.R.-P.,  Kl.  40,  No.  81640.  «  D.R.-P.  No.  42243.  »  Vol.  i.,  p.  328. 
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The  solution  from  which  a  portion  of  its  zinc  has  been  removed  flows 
to  the  anode,  where  the  ferrous  sulphate  is  re-converted  by  the  anion, 
SO^,  into  neutral  ferric  sulphate  Fe2(S04)3.  This  ferric  sulphate  is 
then  caused  to  act  upon  a  fresh  quantity  of  sulphide  of  ^nc.  By 
the  oxidation  of  ferrous  to  ferric  sulphate  at  the  anode,  an  amount  of 
electrical  energy  equivalent  to  the  heat  of  combination  thus  produced 
is  evolved,  and  this  partly  counteracts  the  back  electro-motive  force 
produced  by  the  decomposition  of  the  zinc  sulphate  at  the  cathode. 
The  process  of  electrolysis  is  expressed  by  the  equation : — 

ZnSO^  -f  2FeS0, = Zn  -h  Fe^CSO  J3. 

This  process  has  never  come  into  use  in  any  way,  nor  is  it  likely 
to  be  introduced.  The  solution  of  zinc  sulphide  is  very  slow  and 
very  imperfect,  and  the  electrolyte  contains  very  large  quantities  of 
iron,  which  promotes  the  deposition  of  spongy  zinc.  Another  proposal 
of  Siemens  and  Halske,^  which  has  likewise  failed  in  practical 
application,  is  to  treat  ores  or  artificial  products  containing  zinc  oxide, 
in  vessels  fitted  with  stirring  appliances,  with  a  warm  neutral 
solution  of  aluminium  sulphate,  containing  10  to  15  per  cent,  of 
Al2(S04)j,  ISHgO.  In  this  way  a  solution  of  zinc  sulphate  and  basic 
aluminium  sulphate  is  formed,  and  this  on  electrolysis  yields  zinc  at 
the  cathode  and  neutral  aluminium  sulphate  at  the  anode. 

Coehn  2  proposes  to  use  accumulator  slabs  of  lead  oxide  as  anodes 
for  the  electrolysis  of  oxy-salts  of  zinc,  such  as  the  sulphate.  During 
the  electrolysis,  the  lead  oxide  is  converted  into  lead  peroxide,  and 
the  plates  are  then  to  be  used  for  the  generation  of  electricity  in  lead 
peroxide  and  carbon  elements  with  sulphuric  acid.  Nothing  is 
known  as  to  the  practical  execution  of  this  process. 

The  process  of  Gunnar  Elias  Cassel  and  Frederik  A.  Kjellin,  ui 
Stockholm,^  avoids  polarisation  by  the  employment  of  anodes  of 
metallic  iron  or  of  some  other  metal,  a  plate  of  zinc  forming  the 
cathode.  The  anodes  and  cathodes  are  separated  by  a  diaphragm  of 
porous  clay  or  some  other  suitable  material.  The  cathode  compart- 
ment contains  the  solution  of  sulphate  of  zinc  to  be  electrolysed, 
which  has  been  produced  by  the  leaching  of  calcined  blende  with 
sulphuric  acid.  The  anode  compartment  contains  sulphate  of  iron  or  a 
sulphate  of  the  metal  employed  as  anode.  Zinc  is  thrown  down  at  the 
cathode  by  means  of  the  current,  whilst  the  acid  evolved  at  the  anode 
dissolves  an  equivalent  quantity  of  iron.  The  object  of  the  diaphragm 
is  to  prevent  the  intermixture   of  the  solutions  contained  in    the 

*  D.R.-P.  88202.  2  D.R.-P.  No.  79237,  1893. 

3  D.R.-P.  No.  67303. 
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cathode  and  anode  departments.  The  ferrous  sulphate  formed  at  the 
anode  is  to  be  sent  into  market  as  green  vitriol.  This  process  has 
not  come  into  practical  use  because  a  compact  precipitate  of  zinc 
cannot  be  obtained  in  presence  of  iron. 

Choate  ^  proposes  the  evaporation  of  very  impure  zinc  sulphate 
solutions,  and  the  heating  of  the  crystals  thus  formed  in  an  oxidising 
atmosphere  in  a  muffle  furnace  to  250  to  500°  C.  This  treatment  is 
to  convert  the  impurities  partly  into  insoluble  compounds,  and  partly 
to  volatilise  them,  the  zinc  sulphate  remaining  undecomposed  thereby. 
The  residue  on  extraction  with  water  is  said  to  give  pure  zinc 
sulphate  which  can  then  be  electrolysed.  Another  method  of  treat- 
ment* is  to  electrolyse  the  impure  solutions,  using  higher  current 
densities  than  those  required  to  decompose  the  zinc  sulphate,  so  that 
the  impurities  are  partly  separated  at  the  cathode  and  are  partly 
precipitated  in  the  bath  by  secondary  reactions. 

Solutions  of  zinc  chloride  for  electrolysis  can  be  prepared  by  the 
chloridising  roasting  of  zinc  blende,  by  double  decomposition  between 
solutions  of  zinc  sulphate  and  calcium  chloride  or  sodium  chloride  in 
the  cold,  or  by  treatment  of  oxidised  ores  or  roasted  blende  with 
hydrochloric  acid  or  ferric  chloride.     When  zinc  blende  is  submitted 
to  a  chloridising  roasting  zinc  sulphate  is  always  formed  besides  zinc 
chloride.     To   convert   the   sulphate  into   chloride,   the  solution  is 
treated  with  calcium  chloride,  which  causes  a  precipitate  of  calcium 
sulphate,  and  zinc  chloride  remains  in  solution.     The  precipitated 
calcium  sulphate  can  then  be  separated  from  the  solution.     The  pro- 
duction of  zinc  chloride  liquors  from  zinc  ores  proper  is  a  costly 
process,  and  has  therefore  not  come  into  practice ;  their  production, 
however,   from    pyritic  residues,  as  described  later   on,   has   been 
developed  on  a  working  scale,  chloridising  roasting  being  employed 
for  the  purpose.     Zinc  sulphate  liquors  have  been  converted  into  zinc 
chloride  by  means  of  calcium  chloride  at  Winnington  and  Houschau. 
The  chlorine  liberated  by  the  electrolysis  of  zinc  chloride  solutions 
can  be   utilised    to    prepare    chlorine    compounds    like    bleaching 
powder. 

The  conversion  of  zinc  into  chloride  from  its  ores,  and  the 
electrolysis  of  the  solution  obtained,  has  been  tried  experimentally 
at  Bleyberg,  in  Belgium.'  The  solution  of  zinc  was  produced  by 
treating  calamine  or  calcined  blende  with  hydrochloric  acid.  Any 
iron  that  passed  into  solution  was  precipitated  by  means  of  chloride 
of  lime.     The  anodes  consisted  of  graphite  or  carbon ;  the  cathodes 

»  D.  R.-P.  77667.  ^  Ibid. 

»  Berg-  und  HiUUnm.  Ztg.,  1883,  p.  367. 
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were  sheets  of  zinc.  The  chlorine  evolved  at  the  anode  does  not 
seem  to  have  been  employed  for  the  manufacture  of  bye-products ; 
The  process  was  too  costly,  and  had  been  given  up. 

Currie^  proposed  to  precipitate  metals  other  than  zinc  at  the  anodes 
as  insoluble  chlorides  by  the  electrolysis  of  zinc  chloride  solutions. 
Hopfner  *  proposes  electrolysing  in  baths  partitioned  oflF  into  anode  and 
cathode  chambers  by  means  of  diaphragms,  the  anodes  being  soluble 
and  of  some  metal  other  than  zinc.  To  prevent  contamination  of  the 
cathode  liquor  by  diffusion  from  the  anode,  bodies  are  added  which, 
combining  with  the  anode  metal  that  has  gone  into  solution,  generate 
the  electrolyte  at  the  cathode,  and  precipitate  the  anode  metal  as 
insoluble  salt.  Thus  lead  chloride,  by  addition  of  zinc  sulphate,  gives 
an  insoluble  precipitate  of  lead  sulphate,  and  zinc  chloride  goes  int^i 
solution.  The  double  decomposition  can  be  effected  either  within 
the  bath  or  outside  of  it.  Zinc  acetate  may  be  used  instead  of  zinc 
chloride  as  the  electrolyte.  Nothing  is  known  as  to  the  practical 
application  of  this  process. 

Hintzerling*  proposes  to  dissolve  oxide  of  zinc  out  of  calcined 
blende  or  calamine  or  metallurgical  products  containing  zinc  oxide,  bv 
means  of  magnesium  chloride,  and  to  electroljrse  the  solution  obtained. 
The  zinc  is  said  to  be  deposited  by  means  of  a  current  tension  of  18*5 
amperes  per  square  foot  from  the  solution  of  chloride  of  magnesium 
containing  zinc  oxide ;  the  solution  of  magnesium  chloride,  left  after 
the  zinc  had  been  thrown  down,  was  to  be  used  for  the  solution  of 
fresh  quantities  of  zinc  oxide.  The  baths  containing  zinc  were  to 
have  been  treated  with  from  seven  to  fourteen  times  their  quantity 
of  magnesium  chloride  solution,  of  from  126  to  1*29  specific  gravity 
at  the  boiling  point,  best  under  a  pressure  of  2  to  3  atmospheres,  the 
mass  being  kept  in  motion  by  means  of  stirrers.  This  boiling  is  be^t 
carried  out  in  closed  vessels,  so  as  to  prevent  the  formation  of 
magnesium  oxy-ehloride.  Any  of  this  substance  formed  in  the  solu- 
tion was  to  be  converted  into  magnesium  chloride  by  the  addition  <»f 
hydrochloric  acid.     This  process  has  not  come  into  practical  use. 

For  extracting  zinc  from  p3rrites  residues  the  processes  to  bt- 
described  below  for  converting  the  zinc  into  chloride  and  the 
electrolysis  of  the  solution  of  chloride,  have  come  into  use.  Bias  and 
Miest  *  have  proposed  to  crush  ores  containing  sulphide  of  zinc,  and 
to  mould  them  into  plates  under  a  high  pressure  of  about  100 
atmospheres  with  the  employment  of  a  temperature  up  to  600^^  C.. 

1  U.S.  Pat.  466720,  January  5,  1892.  «  D.R.-P.  101177. 

»  DingL  Joum,,  vol.  288,  p.  263. 

*  Essai  cV Application  de  V Electrolyse ^  Louvain  and  Paris,  1882. 
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and  to  use  these  plates  as  anodes  in  the  electric  current.  For  the 
electrolyte  a  solution  of  zinc  sulphate,  chloride,  or  nitrate  was  to  be 
used.  This  process,  which  was  based  upon  the  conductivity  of 
metallic  sulphides  for  electricity,  has  not  been  found  satisfactory ;  the 
plates,  composed  of  non-homogeneous  constituents,  must  fall  to  pieces 
tolerably  rapidly  in  the  course  of  the  electrolysis,  whilst  all  action 
must  cease  as  soon  as  contact  with  the  conductor  is  interrupted  by 
the  sulphur  separated  out  from  the  particles  of  ore  nearest  to  the 
conductor. 

Extraction  of  ZiTic  from  Solutions  of  Zinc  SiUphite 

Kosmann  and  Lange^  propose  to  treat  zinc  ores  (calamine  or 
calcined  zinc  blende)  with  sulphur  dioxide  and  water,  and  to  throw 
down  zinc  from  the  solution  of  zinc  sulphite  thus  obtained  by 
means  of  the  electric  current.  The  oxygen  thereby  evolved  is  said 
to  be  absorbed  by  the  sulphur  dioxide  liberated  by  the  decom- 
position of  the  salt,  converting  it  into  sulphuric  acid.  This  process 
is  said  to  require  a  lower  current  tension  than  the  decomposition  of 
zinc  sulphate.  Experiments  on  a  large  scale  are  said  to  have  given 
0*4?  lb.  of  zinc  thrown  down  per  horse-power  per  hour.  Kosmann 
states  that  by  the  employment  of  Wolff's  locomotive  type  of  engine 
with  condenser  the  consumption  of  coal  per  hour  per  horse-power 
amounts  only  to  22  lb.,  so  that  these  2*2  lb.  of  coals  are  capable  of 
producing  0*4  lb.  of  zinc.  The  process  has  not,  however,  come  into 
use.  Zinc  sulphite  is  soluble  in  water  only  as  an  acid  salt,  and, 
when  exposed  to  the  air,  is  converted  with  tolerable  rapidity  into 
sulphate. 

The  Extraction  of  Zinc  from  Solutions  in  Organic  Acids 

This  method  has  not  come  into  use  for  ores;  under  this  head 
should  be  included  an  English  patent  of  Watt,  No.  6,294,  1887,  as 
ilso  the  proposal  to  use  acetic  or  lactic  acid  as  electrolytes. 

The  Extraction  of  Zinc  from  Alkaline  Solutions 

The  deposition  of  zinc  from  alkaline  solutions  has  been  repeatedly 
)roposed,  but  has  not  come  into  employment.  Kiliani  ^  proposes  to 
lissolve  zinc  from  ores  and  metallurgical  products  by  means  of  a 
olution  of  ammonia  or  fixed  alkali,  to  which  ammonium  carbonate 

1  D.R.  P.  No.  67761. 

«  D.R.-P.  No.  29900,  March  11,  1884  ;  and  No.  32864,  August  19,  1884. 

VOL.     II  T 


274  METALLURGY 

has  been  added,  in  separate  vessels  outside  the  electric  circuit,  and  to 
electrolyse  the  solutions,  cathodes  of  sheet  zinc  or  sheet  brass  and 
anodes   of  sheet    iron    being  employed.      The   zinc   is   said   to  be 
deposited  at  the  cathode  in  the  compact  form,  whilst  a  quantity  of 
oxygen,  equivalent  to  the  metal  deposited,  is  said  to  be  liberated  at 
the  anodes.     The  solution  escaping  from  the  baths  is  collected  in 
tanks  and  then  pumped  back  into  the  dissolving  baths,  where  it 
dissolves  out  a  fresh  quantity  of  zinc.     There  are  no  data  with  re- 
ference to  the  current  density  and  tension.  ^  It   is,   however,    un- 
doubted that  with  equal   current  densities  the  electrolysis  of  such 
solutions  would  require  a  much  higher  tension  than  that  of  sulphite, 
sulphate,  or  chloride ;  the  alkalies  are,  moreover,  dearer  than  acids. 
It  may  therefore  be  assumed  that  this  process  will  not  come  into  use. 
Hopfner^  leaches  the  zinc  out  of  bodies  containing  zinc  oxide 
(poor  zinc  and   lead  ores)  by  means   of  an   alkaline  solution,  and 
conducts  this  solution  to  the  cathodes  of  a  bath  for  the  deposition 
of  the  zinc,  chlorine  or  chlorates  of  the  alkalies*  or  alkaline  earths 
being  produced  at  the  cathodes  by  the  decomposition  of  alkalino 
chlorides.     The  ores  are  ground  fine  and  then  brought  into  intimato 
contact  with  alkaline  solutions  in  a  dissolving  tank  provided  with  a 
stirrer.     Any  lead  oxide  that  may  be  present  is  dissolved  together 
with  the  oxide  of  zin(;.     After   the  solution  has  been    freed  from 
foreign   metals  by  means  of  zinc  dust,  it  is  passed  in  a  continuous 
stream  into  the  cathode  division  of  the  electrolytic  bath,  which   i> 
separated  from  the  anode  division  by  a  suitable  membrane,  or  pair  o\ 
membranes  with  a  solution  of  soda  or  potash  between  the  two.     Thi 
zinc  produced  at  the  cathode  sepamtes  out  in  the  compact  state,  auii 
does  so  the  better  the  more  thoroughly  the  solution  is  kept  in  motion 
The  anode  division  must  contain  a  solution  of  chlorides  to  be  con 
stantly  kept  at  a  uniform  degree  of  concentration,  and  also  containing 
alkaline  chlorides,  as,  for  example,  solutions  of  camallite  or  of  tli» 
final  liquors  of  the  ammonia-soda  process.     By  means  of  the  electric 
current  chlorine  is  evolved  at  the  anode  whilst  the  alkalies  pass   int« 
the  cathode  division,  and  unite  with  the  alkali  already  present  then. 
In  consequence  of  the  diffusion  of  alkalies  or  alkaline  carbonate 
from  the  cathode  space,  oxychlorides  are  formed  at  the  anode.     Tb 
chlorine  can  be  collected  and  used  as  such,  or  for  the  manufacture?  « 
bye-products.     The  evolution  of  free  chlorine  at  the  anodes  can  h 
prevented  by  adding  alkaline  earths  to  the  solution  in  the  am^i 
compartment,  and  thus  forming  chlorates.     The  solution  of  chlors^t.. 
can  be  worked  up  for  the  manufacture  of  potassium  chlorate, 

>  D.R.P.  No.  62964. 
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W.  S.  Squire  and  S.  C.  Carrie  ^  have  attempted  to  extract  zinc 
from  an  alkaline  solution  of  the  oxide  with  the  employment  of 
mercury  as  a  cathode.  The  deposited  zinc  forms  an  amalgam  with 
the  mercury  and  is  submitted  to  distillation,  whereby  zinc  is  obtained 
and  the  mercury  recovered. 

Burghardt  ^  attempts  to  extract  zinc  from  a  solution  of  sodium 

zincate,   which   is   to  be  produced  by  fusing  zinc  ores  freed  from 

sulphur,  such  as  dead  roasted  zinc  blende,  with  soda  and  3  to  4 

per  cent,  of  carbon,  and  leaching  out  the  molten  mass.    The  ore  is  to 

be  packed  round  the  anode  by  means  of  an  asbestos  cloth.     Its  zinc 

contents  are  to   be  oxidised  there  and  thus  brought  into  solution. 

Strzoda^  has  described  a  method  for  the  treatment  of  zinc  ores  and 

bye-products  containing  oxide  and  carbonate  in  which  the  zinc  is 

brought  into  solution  at  the  cathode,  the  zinciferous  material  being 

so  added  to  the  bath  that  it  comes  in  contact  with  the  cathode. 

The  electrolyte  is  an  alkaline  solution  and  the  anodes  are  insoluble  in 

it.     On  closing  the  circuit,  hydrogen  formed  by  secondary  reaction  is 

liberated  at  the  cathode,  and  reduces  the  zinc  oxide  present  there  to 

zinc,  which  is  dissolved  in  the  nascent  state  by  the  alkali.     From  the 

solution  of  zinc  salt  thus  obtained  the  zinc  is  deposited  electrolytically 

at  the  cathode.     It  is  not  known  whether  this  method  has  yet  passed 

the  experimental  stage. 

Rontschewsky  *  has  sought  to  combine  the  precipitation  of  zinc 
with  the  formation  of  lead  peroxide  at  the  anode,  by  the  use  of  lead 
anodes  and  an  electrolyte  containing  anions  which  form  soluble  salts 
on  combination  with  lead,  the  anions  being  present  in  such  quantity 
that  but  little  lead  went  into  solution  with  the  current  densities 
employed.  The  best  salts  for  this  purpose  proved  to  be  the  chlorates. 
The  lead  passing  into  solution  was  oxidised  quite  near  to  the  anode 
to  lead  peroxide,  the  adhesion  of  which  to  the  anode  was  prevented 
by  the  chlorates.  The  zinc  deposited  at  the  cathode  was  compact. 
Using  zinc  sulphate  as  electrolyte,  the  most  effective  concentration 
was  found  to  be  7*5  per  cent. of  ZnSO^,  and  075 per  cent. of  NaClOj, 
and  the  ordinary  temperature  was  found  to  be  best.  The  current 
density  was  83  ampires  per  sq.  yard,  the  tension  for  solutions 
i^ontaining  7'5  per  cent,  of  ZnSO^  was  3*7  volts,  and  for  those  with 
15  per  cent,  of  ZnSO^,  3*4  volts.  With  increasing  concentration 
}£  zinc  sulphate,  the  yield  of  lead   peroxide   diminished,   and  the 

1  English  Pat.  No.  12249,  September  27,  1886. 

2  D.  R.-P.NO.  49682.  »  D.  R.-P.  118291. 

*  JZeit.  far,  Eiektro  Chem.,  1900,  7,  p.  21,  29  ;    also  Borchers'  EleJctrometailurgie, 
.  418. 
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yield  of  zinc  became  smaller  with  decreasing  concentration  of  the 
sulphate  solution.  Diaphragms  were  found  unnecessary,  for  when 
the  velocity  of  the  electroljiie  rose  to  2  inches  a  minute,  the  lead 
peroxide  still  became  detached  from  the  anode  and  fell  to  the  bottom 
of  the  bath. 

Borchers  ^  proposes  the  treatment  of  lead  peroxide  for  litharge, 
lead  orange,  and  other  lead  pigments  containing  oxygen. 

(b)  The  Extraction  of  Zinc  from  Ores  in  which  it  is  a  Subsidiary 

Constituent 

Among  the  ores  which  contain  zinc  as  a  subsidiary  constituent, 
only  zinciferous  pyrites  residues  have  up  to  the  present  been  sub- 
mitted to  electrol)rtic  extraction  of  the  zinc.  The  extraction  of  zinc 
from  zinciferous  lead  and  silver  ores  has  been  the  subject  of  many 
proposals,  none  of  which  have  become  definitely  established. 

Such  pyrites  residues  are  the  residues  obtained  in  calcining  pyritt^s 
containing  zinc  blende,  the  sulphur  of  which  has  been  converted  into 
sulphur  dioxide  and  used  for  the  production  of  sulphuric  acid.  They 
consist  of  ferric  oxide,  and  variable  quantities  of  zinc  sulphide,  oxide, 
and  sulphate.  They  can  only  be  used  as  iron  ores  when  the  zinc  has 
been  removed  from  them ;  as  long  as  they  contain  zinc  they  are 
worthless.  In  order,  therefore,  to  make  these  residues  valuable  as 
iron  ores  on  the  one  hand,  and  for  the  extraction  of  their  zinc  con- 
tents on  the  other  hand,  electrolytic  processes  have  been  proposed  | 
and  have  been  used  on  a  large  scale  for  some  time,  but  have  now  been 
given  up  in  Germany  (Duisburg,  Fiihrfurt).  In  Fuhrfurt,  Hopfher's 
method  was  in  practice. 

By  a  chloridising  roasting  the  zinc  in  the  pryritic  residues  wag 
converted  largely  in  chloride,  a  little  sulphate  being  simultaneously^ 
formed.  The  roasted  mass,  which  contained,  in  addition  to  these  two 
salts,  sulphate  and  chloride  of  sodium,  and  salts  of  iron,  mangant^e, 
and  other  metals,  was  leached  with  water,  and  the  liquors  after  settlin^^ 
were  deprived  of  much  of  the  sodium  sulphate  by  artificial  coolingl 
The  zinc  sulphate  and  sodium  chloride  reacted  during  this  proces  W 
form  zinc  chloride  and  sodium  sulphate.  After  separation  of  th<j 
sodium  sulphate  the  liquors  were  heated,  iron  and  manganese  precipe 
tated  by  addition  of  bleaching  powder,  and  other  metals  more  electn*^ 
negative  than  zinc  were  thrown  out  with  zinc  dust.  The  soluti«>D 
thus  purified  was  then  electrolysed  in  baths,  the  anode  and  cathod^i 

1  Op.  cit,  p.  419. 
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spaces  being  separated  by  diaphragms.  The  anodes  were  of  carbon, 
the  cathodes  were  rotating  discs  of  sheet  zinc,  and  the  electrolyte  was 
fed  in  through  the  bottom  of  the  bath,  the  nearly  exhausted  liquid 
being  allowed  to  flow  away  at  the  upper  end.  Qompact  zinc  was 
deposited  at  the  cathode,  and  the  chlorine  which'  collected  above 
the  anode  space  was  led  away  by  pipes  ai^  absorbed  by  slaked 
lime  to  form  bleaching  powder.  The  electrolytic  zinc  was  remelted. 
The  arrangement  of  a  Hopfner  bath  as  used  in  Ftihrfurt  for  the 
electrolysis  of  zinc  chloride  solutions  is  shown  in  Figs.  232-236,^ 
Fig.  232  being  the  end-view  of  the  bath.  Fig.  233  the  horizontal 
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Si-ction  along  xx  in  Fig.  234,  Fig.  234  the  vertical  section  through 
the  middle  of  the  bath,  Fig.  235  the  front  view  of  a  frame  of  the 
anode  cell,  and  Fig.  236  the  same  of  the  cathode  cell.  The  baths 
consist  of  a  series  of  anode  and  cathode  frames  made  of  thoroughly 
sound  wood  and  bolted  closely  together.  Between  these  frames  are 
stretched  the  cloth  diaphragms.  F  are  the  anode,  F  the  cathode 
frames,  A  the  carbon  anodes  let  in  through  slits  in  the  upper  beam  / 
of  the  cathode  frame,  and  C  the  cathodes  let  in  through  correspond- 
ing slits/'.  The  cathodes  are  of  sheet  zinc  or  iron,  and  dip  to  the 
extent  of  one-third  of  their  surface  in  the  electrolyte.  The  anodes 
are  connected  to  the  positive  pole  of  the  current  through  the  metallic 
^  Industries  and  Iron,  March  18,  1898,  p.  208;  also  Borchers  op,  cU,  p.  427. 
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leads  c  (Fig.  234).  The  cathodes  are  attached  to  the  horizontal  shall 
Shy  the  iron  strips  Z,  which  are  in  metallic  connection  (Fig.  236)  with 
the  negative  pole  of  the  dynamo.  The  shaft  rests  in  two  bearings  at 
the  short  ends  of  the  bath.  The  electrolyte  enters  at  the  bottom  of 
the  bath  through  a  pipe  with  branching  nozzles  P  into  the  channels 
2  and  3  of  the  anode  frame  and  3'  and  2'  of  the  cathode  frame. 

These  channels  are  formed  by  the  bottoms  of  the  baths  4  and  4' 
and  the  dividing  partitions  5  of  the  anode  frame  and  5'  of  the  cathode 
frame  (Figs.  235  and  236).  The  electrolyte  rises  from  these  channels 
through  the  openings  6  and  6'  in  the  anode  and  cathode  frames 
respectively,  it  is  decomposed  electrically  on  the  way,  and  passes 
through  the  openings  8  and  8'  in  the  upper  parts  of  the  frames  int^) 
horizontal  channels  7  and  7'  and  escapes  from  the  top  of  the  bath  by 
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the  overflow  pipes  9  and  9'.  The  channels  are  formed  by  the  suitable 
arrangement  of  the  frames.  Between  the  anode  and  cathode  frames 
are  the  diaphragms  mentioned  above,  with  the  openings  requisite  fur 
the  passage  of  the  electrolyte.  The  diaphragms  are  best  made  of 
nitrated  cloth.  The  chlorine  must  be  led  away  from  the  upperrat»st 
parts  of  the  anode  cells  by  pipes  (not  shown  in  the  figure).  The 
baths  may  be  suspended  from  beams. 

The  electrolytic  preparation  of  zinc  from  solutions  of  the  chloride 
was  introduced  into  the  works  of  Brunner,  Mond  and  Co.,  Winningt^m, 
England,  by  Hopfner  in  1897,  and  is  still  in  operation  there.^  The 
chlorine  produced  in  the  reaction  is  used  for  the  preparation  of 
bleaching  powder.  The  zinc  chloride  liquors  are  said  to  be  produced 
by  the  aid  of  calcium  chloride,  which  is  obtained  as  a  waste  bvo- 
product  in  ammonia-soda  process.  Zinc  and  bleaching  powder  an 
also  produced  from  zinc  chloride  solutions  a4i  the  Alkali  Works  in 
Hruschau,  near  Oderberg,  Austria.^ 

'   The  Min,  Ind.,  1902,  p.  267.  »  Ibid. 
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A  method  devised  by  Ashcroft  for  the  treatment  of  zinc  and 
silver-lead  ores  at  Cockle  Creek,  New  South  Wales,  was  used  for  a 
short  time,  but  given  up  owing  to  its  technical  and  economic  draw- 
backs. The  process  consisted  in  converting  the  oxide  of  zinc  in  the 
calcined  ores  into  chloride  of  zinc  by  means  of  ferric  chloride,  whereby 
the  iron  was  separated  as  ferric  hydrate  and  mixed  with  the  ore- 
The  ores  thus  freed  from  the  greater  portion  of  their  zinc  contents 
were  smelted  for  argentiferous  lead  and  the  zinc  precipitated  by  the 
electric  current  from  the  solution  of  chloride  of  zinc,  the  solvent  being 
at  the  same  time  regenerated.  Sheet  zinc  was  used  for  the  cathodes, 
plates  of  cast-iron  and  afterwards  plates  of  carbon  being  used  as 
anodes.  The  chlorine  evolved  during  the  electrolysis  combined  with 
the  cast-iron  anodes  to  form  ferrous  chloride  solution,  whilst  where 
carbon  anodes  were  used  it  converted  ferrous  chloride  into  ferric 
chloride.  Both  by  the  formation  of  ferrous  chlorides,  as  also  by  the 
conversion  of  the  latter  into  ferric  chloride,  electric  energy  was  intro- 
duced into  the  circuit.  To  prevent  the  deposition  of  iron  at  the 
cathodes  the  solutions  of  ferrous  and  ferric  chloride  were  separated 
from  the  zinc  chloride  by  diaphragms  of  linen,  the  zinc  chloride 
solution  forming  a  higher  column  than  the  solution  of  the  iron  salts. 
From  the  solution  of  zinc  chloride  to  be  electrolysed  first  the  iron 
was  precipitated,  and  then  the  other  metals  which  are  electro-negative 
to  zinc,  and  the  solution  was  conducted  first  into  the  cathode  depart- 
ment and  then  into  the  anode  department  of  the  bath,  passing  first 
to  the  iron  and  then  to  the  carbon  anodes.  The  baths  provided  with 
iron  anodes  formed  two-thirds,  those  with  carbon  anodes  one-third  of 
the  total  number.  The  solution  escaping  from  the  last  carbon  anode 
bath  still  contained  a  certain  quantity  of  zinc,  and  was  used  for  the 
solution  of  fresh  quantities  of  zinc  oxide  from  the  calcined  ores.  The 
baths  were  arranged  in  circuit,  the  electrodes  in  the  different  baths 
being  coupled  in  parallel.  The  current  density  amounted  to  5 
amperes  per  square  foot,  the  tension  in  the  baths  with  iron  anodes  to 
M  volts,  in  those  with  carbon  anodes  to  2*7  volts.  Of  the  zinc  con- 
tents of  the  ore,  66  per  cent,  were  removed  by  the  solution  of  ferric 
chloride,  which  contained  0*8  to  1  ounce  of  iron  in  the  gallon.  The 
ferric  chloride  which  was  lost  in  the  course  of  the  process  was  re- 
placed by  the  combination  of  the  chlorine  with  iron  during  electrolysis 
of  zinc  chloride.  Zinc  chloride  was  obtained  by  decomposing  zinc 
sulphate  with  common  salt,  the  zinc  sulphate  being  produced  by  a 
slow  oxidising  roasting  of  ores  containing  zinc  blende.  Leaching  was 
a  difficult  process  owing  to  the  slimy  nature  of  the  ferric  hydroxide 
precipitated  in  the  mass  of  the  ore ;  purification  of  the  liquor  was 
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very  costly,  nor  could  iron  be  completely  removed  from  it ;  the  zinc 
was  often  spongy,  the  consumption  of  energy  great,  and  the  residues 
from  the  leaching  vats,  impregnated  with  ferric  hydroxide,  could  only 
be  further  treated  with  difficulty  and  great  cost.  Mention  may 
also  be  made  of  the  methods  of  Siemens  and  Halske,  Cowper-Coles, 
Mohr  and  Hoepfiier,  for  the  extraction  of  zinc  from  mixed  sulphides, 
though  none  of  these  methods  has  come  into  use. 

The  process  of  Siemens  and  Halske  consists  in  treatment  of  un- 
roasted  ores  with  chlorine,  whereby  chlorides  of  zinc,  silver,  and  lead 
are  formed,  in  leaching  out  with  water,  which  dissolves  the  zinc 
chloride  and  part  of  the  lead  chloride  but  leaves  the  silver  chloride 
behind,  and  in  the  electrolysis  of  the  solution  using  insoluble  anodes 
and  metallic  cathodes.  Zinc  is  thus  deposited  at  the  cathode,  and  the 
chlorine  liberated  at  the  anode  may  be  used  for  the  treatment  of  fresh 
ore.  As  the  electrolysis  must  not  be  carried  so  far  as  to  compleU?ly 
decompose  the  soluble  chloride,  common  salt  must  be  added  to  the 
electrolyte  to  keep  up  the  concentration  of  the  combined  chlorine. 
The  used  electrolyte  serves  for  the  leaching  of  fresh  quantities  of 
chlorides. 

In  the  process  of  Cowper-Coles  ^  the  finely  ground  ore  is  con- 
verted into  oxide  and  sulphate  by  an  oxidising  roasting,  and  then 
lixiviated  with  water  or  with  a  dilute  acidified  solution  of  zinc  sul- 
phate. This  latter  operation  takes  place  in  vessels  fitted  with  filters, 
and  is  facilitated  by  the  passage  of  an  electric  current  through  the 
acid  liquid,  insoluble  anodes  and  zinc  cathodes  being  employed.  If 
copper  be  present  in  the  ores,  it  goes  into  solution  and  is  precipitated 
in  vats,  the  floors  of  which  are  covered  with  a  layer  of  charcoal  and 
iron  or  zinc.  The  zinc  sulphate  solutions  are  enriched  by  repeat^ 
leaching  until  they  contain  15  to  20  per  cent,  of  the  sulphate,  and 
are  then  electrolysed  between  lead  anodes  and  rotating  cathodes  in 
the  form  of  discs  of  sheet  iron.  The  ore  freed  from  zinc  is  repeat^ly 
washed,  then  extracted  with  20  per  cent,  soda  solution,  and  the 
alkaline  liquor  electrolysed  for  lead.  If  the  object  be  to  prepare- 
white-lead,  the  alkaline  liquor  is  treated  with  carbon  dioxide  imder 
pressure.  The  residues  may  be  treated  for  gold  and  silver  by  Hxi- 
viation  with  potassium  cyanide.  Trials  with  this  method  have  been 
made  at  Hayle  in  Cornwall.^ 

Cowper-Coles  ^  has  also  suggested  the  sweet-roasting  of  Broken 
Hill  ores  (mixtures  of  silver-bearing  galena  and  zinc  blende),  {  to  I 
their  weight  of  sulphur,  copper,  or  zinc  sulphide  being  added  before 

1  Eng.  Pat.  6943,  1808.  «  The  Min.  Ind.y  1899,  p.  747. 

»  Electric  World  and  Engin.,  1901,  vol.  xxxvii,p.  730. 
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roasting,  in  order  that  a  porous  roasted  mass  may  result.  This  is 
then  to  be  extracted  with  dilute  sulphuric  acid  so  as  to  bring  the 
zinc  and  copper  into  solution. 

Bemhard  Mohr  ^  dissolves  the  zinc  from  the  roasted  sulphides 
by  means  of  sodium  bisulphate,  and  from  the  solution  thus  obtained 
zinc  is  deposited  in  the  compact  form  on  electrolysis  and  sodium 
bisulphate  is  regenerated. 

Hopfner  proposes  to  free  the  sulphide  ores  from  alkaline  earths 
and  soluble  sulphides  by  first  extracting  with  sulphuric  or  hydro- 
chloric acid,  and  then  to  dissolve  the  zinc  by  warming  the  residue 
gently  with  a  mixture  of  weak  nitric  and  hydrochloric  acids.  The 
sulphur  is  thus  separated  in  the  elemental  state,  and  oxides  of 
nitrogen  may  be  used  to  regenerate  nitric  acid.  After  removal  of 
the  foreign  metals  from  the  solution,  the  zinc  may  be  obtained  by 
electrolysis.  Another  proposal  of  Hopfner  ^  is  to  digest  the  silver- 
bearing  sulphide  ores  of  lead  and  zinc  with  solutions  of  cupric  or 
ferric  chloride  at  a  temperature  of  66°  to  88"*  C.  In  this  way  lead 
and  silver  are  said  to  go  into  solution  and  zinc  sulphide  remains 
in  the  residues.  The  zinc  sulphide  can  then  be  converted  by  suitable 
means  into  zinc  chloride  and  the  solution  of  this  submitted  to 
electrolysis. 

2.   The  Electrolytic  Extraction  of  Zinc  froin  Alloys 

When  zinc  alloys  are  submitted  to  electrolysis,  these  form  the 
anodes  of  the  circuit.  Both  impure  zinc,  as  also  alloys  of  zinc  with 
lead  and  silver,  have  been  treated  electrolytically.  The  electrolysis 
of  zinc  containing  lead  has  been  carried  out  at  the  works  of  Aaron 
Hirach  at  Ilsenberg  in  the  Harz,  water  furnishing  the  motive  power. 

Zinc  acetate  is  said  to  have  been  used  as  the  electrolyte,  and  a 
pure  zinc,  free  from  lead,  to  have  been  obtained  from  impure  zinc. 
Nothing  further  is  known  of  this  process.  Experiments  have  been 
made  at  the  works  of  the  Silesian  Company  at  Lipine  to  obtain  pure 
zinc  from  hard  zinc  {i.e.  iron-bearing  zinc  from  the  refining  of  zinc)  by 
the  method  of  Nahnsen.'*  The  electrolyte  was  a  double  sulphate  of 
zinc  and  an  alkali  metal,  and  the  anode  was  made  of  hard  zinc.  This, 
however,  was  very  uneven  in  quality  and  could  not  be  improved  by 
re-melting,  with  the  result  that  spongy  zinc  was  obtained.  The 
experiments  have  been  discontinued.  Attempts  have  also  been  made  * 
to  prepare  electrolytic  zinc  from  the  zinc  ashes  of  the  rolling  mills. 

1  The  Min.  Ind,,  1899,  p.  747.         »  Eng.  Pat.  8328,  1895. 

»  D.R.-P.  71555.  *  Peter8,5e»v.  und  HUttenm.  Ztg.y  1901,  p.  601. 


282  METALLURGY 

These  were  treated  with  sulphuric  acid,  which  left  the  lead  behind  as 
insoluble  sulphate,  and  the  solution  of  zinc  sulphate  was  electrolysed 
after  removal  of  iron  by  addition  of  milk  of  lime  and  oxidation  of  the 
ferrous  salt  by  a  stream  of  air  blown  through  the  liquid.  This  method 
has  not  succeeded  in  establishing  itself      Rosing  ^  has  proposed  a 
process  for  the  electrolytic  extraction  of  zinc  from  so-called  zinc  scum, 
an  alloy  of  lead,  silver,  and  zinc,  obtained  in  desilverisation.    This 
method  was  tried  experimentally  for  a  while  at  the  Frederick  Works, 
in  Upper  Silesia,  but  has  had  to  be  given  up  because  the  distillation 
of  zinc  from  the  zinc  scum  was  found  to  be  cheaper  than  electrolysis. 
The  zinc  is  present  in  relatively  small  amount,  and  iiTegularly  dis- 
tributed in  the  scum.     The  latter  is  also  so  brittle  that  it  cannot  be 
moulded  into  plates.     Rosing  therefore  employs  the  zinc  scum  in  the 
form  of  powder,  and  arranges   his   electrodes  horizontally.    Round 
wooden  vats  were  used  as  baths.     The  electrolyte  was  zinc  sulphate : 
the  anode  consisted  of  a  plate  of  lead  lying  on  the  bottom  of  the  vat 
and  covered  with  powdered  zinc  scum.     Above  the  latter  w^as  the 
cathode,   consisting  of  sheet  zinc    and   supported   upon  insulators. 
Several  vats  were  arranged,  one  above  the  other,  so  that  the  electrtv 
lyte   could  traverse  them  from  above  downwards.     As  soon  as  the 
zinc  had  been  dissolved  from  the  grains  of  the  zinc  scum  to  a  certain 
depth,  and  the  contact  of  the  electrolyte  with  the  zinc  still  contained 
in  the  zinc  scum  was  thus  gradually  diminished,  or  almost  prevent4?d, 
the  scum  was  removed  from  the  baths  and  submitted  to  liquation  to 
free  the  grains  from  the  crust,  which  consisted  of  a  mixture  of  lead 
and  silver,  and  thus  to  obtain  a  fresh  zinc  surface  for   the  action  of 
the   electrolyte.     The   liquated  zinc  scum  was  again  submitted  to 
electrolysis,   and  then  again  liquated.      Liquation   and   electrolysis 
thus  alternated  until  the  greater  portion  of  the  zinc  was  remove<i 
from  the  scum.     The  residual  argentiferous  lead  was  cupelled.     The 
zinc,  which  carried  both  lead  and  silver,  was  used  for  desilvering  work- 
lead.     As  stated,  this  process  has  not  come  into  use. 

At  Hoboken,  near  Antwerp,  until  recently  alloys  of  zinc  and 
silver,  which  were  obtained  by  desilverising  work-lead  by  means  of 
zinc  containing  aluminium,^  were  submitted  to  electrolysis.  The 
anodes  consisted  of  plates  of  the  above  alloy ;  the  cathode-s  were 
sheets  of  zinc  in  the  form  of  discs  of  3  feet  3  inches  in  diameter, 
which  were  fastened  to  a  horizontal  spindle.  This  was  situated  abov^' 
the  surface  of  the  bath,  and  was  revolved  so  that  half  of  the  cath«idt 
was  inside  the  solution,  the  other  half  outside  it.     By  turning  th» 

^  D.R.-P.  No.  33589;  Prevss,  Zt6chr.,  1886,  p.  91  ;  Dingl.  Joum.,  1887.  p.  93. 
a  Vol  i.,  p.  916. 
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cathodes  the  solution  was  kept  in  movement.  The  electrolyte  con- 
sisted of  a  solution  of  chloride  of  zinc  in  chloride  of  magnesium 
of  a  specific  gravity  of  2*2  to  1*27.  After  the  removal  of  the  zinc 
from  the  anodes,  these  produce  a  mud  consisting  of  75  per  cent,  of 
silver  and  12  per  cent,  of  lead.  Experience  up  to  the  present  has  not 
shown  any  advantage  in  electrolysis  as  compared  with  other  methods 
of  separating  zinc  from  silver  and  lead.  At  Hoboken,  also,  the  old 
proems  (desilverising  vnth  the  addition  of  zinc  and  distilling  off  the 
zinc  fix)m  the  alloy)  is  now  being  used.  The  zinc  so  obtained  is 
again  used  for  desilverising  work-lead.  The  apparatus  of  Bridgeman^ 
depends  upon  the  principle  of  keeping  the  solution  in  movement 
by  means  of  rotating  cathodes ;  its  construction  is  shown  in  Figs. 
237   to  240.^  in   which   A  is  the  tank  containing  the  electrolyte. 
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Within  it  rotates  the  shaft,  Z/,  protected  by  an  insulator,  r,  and  to 
which  the  cathodes,  E,  are  secured  by  means  of  screws  and  wedges, 
these  screws  forming  at  the  same  time  the  connection  between  the 
cathodes  and  the  conductors.  D  are  the  anodes,  which  are  cut  out  as 
shown  at  v,  so  as  not  to  interfere  with  the  movement  of  the  shaft. 
The  detail  of  the  construction  of  the  cathodes  is  shown  in  Fig.  240. 
The  sheet  metal  forming  the  cathodes,  which  is  coated  with  graphite, 
is  secured  in  the  frame  p\  made  of  non-conducting  material.     It  can 

»  U.S.  A.  Pat.  No.  526482,  September  25,  1894. 

'  Borchers,  Eledro-Chem. ,  1895,  p.  164,  Halle,  A.  S. 
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be  removed  from  these  frames  as  soon  as  the  deposit  has  attained 
the  desired  density;  q  is  an  opening  provided  with  a  locknut,  q, 
through  which  the  shaft  passes. 

Hsfise  ^  has  introduced  and  carried  out  the  electrolysis  of  zinc- 
silver  alloys,  obtained  from  the  desilverising  of  work-lead  with 
aluminium  zinc,  at  the  Friedrich  work,  Tamowitz.  The  alloy,  after 
liquation  to  remove  excess  of  lead,  contains,  according  to  Roeber :— 


Zinc    . 

.    .    .      78-64 
.    .    .      11-32 
.    .    .        616 
.    .   .        0-61 

Lead   .    . 

3-13 

Silver.    .    .    . 
Nick^[   '.   '.   '. 

Iron     .... 
Arsenic  .    .    . 
Antimony  .    . 

0-24 
trace 

It  is  cast  into  anode  plates  ^-inch  thick  weighing  44  to 
66  lb. ;  the  cathodes  consist  of  thin  strips  of  electrolytic  zinc,  and  the 
electrolyte  is  a  solution  of  zinc  sulphate.  The  vats  are  of  lead-lined 
deal  2  feet  6  inches  long,  2  feet  wide,  and  2  feet  4  inches  deep, 
arranged  in  two  rows,  each  containing  4  vats  placed  in  terrace  fashion. 
Each  vat  holds  6  anodes  and  5  cathodes,  the  distance  apart  of 
these  being  J-inch.  Current  is  furnished  by  a  Schuckert  dynamo  at 
320  amperes  and  15  volts,  the  current  density  is  66  to  80  ampires  per 
square  yard,  and  the  tension  of  the  bath  1'25  to  1'45  volts.  To 
prevent  the  formation  of  spongy  zinc,  special  care  must  be  taken 
that  the  electrolyte  is  pure,  and  in  particular  free  from  copper, 
arsenic,  and  iron.  Small  quantities  of  suspended  metallic  particles,«.i?.of 
iron,  are  said  to  have  little  or  no  injurious  effect.  The  electrolyte  is 
purified  by  being  made  to  flow  in  a  shallow  stream  over  steps  placed 
at  the  end  of  each  bath.  Zinc  clippings  lie  on  these  steps,  and  the 
topmost  and  bottommost  of  them  form  little  tanks  which  contain  zinc 
oxide.  In  its  passage  over  the  steps,  the  electrolyte  is  brought  into 
contact  with  the  air,  whereby  the  ferrous  salts  are  oxidised  to  ferric,  and 
the  injurious  metals  in  solution  are  precipitated  by  the  zinc  and 
zinc  oxide.  By  purification  of  the  liquors  in  this  way,  and  by  causing 
them  to  circulate  in  the  baths,  the  deposition  of  spongy  zinc  is 
prevented  when  the  electrolysis  is  carried  out  at  15*^  to  20°  C.  under 
the  above  conditions  of  current  density  and  E.M.F.  The  best 
density  of  the  electrolyte  is  1*4°  to  1"6*'  B.  It  is  kept  neutral  or 
slightly  alkaline  (?),  since  an  acid  liquor  soon  brings  about  the 
formation  of  spongy  zinc.  (This  is  not  in  harmony  with  the  results 
of  the  experiments  of  Mylius  and  Fromm,'  who  found  that  the 
electrolyte  must  be  slightly  acid  in  order  that  spongy  zinc  may  not 

^  ZtUachr.  JUr  das  Berg-,  HiUten-  und  SoUinenweaen  in  PrtuM  StacUe,  1897,  p.  32i 
Borchers,  Electrometallurgie,  1903,  p.  396.  *  Ante,  p.  257. 
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be  deposited.)  When  Hermann's  electrolyte  was  used  (i,e,,  a  double 
salt  of  zinc  sulphate  with  sodium,  magnesium,  and  ammonium 
sulphate)  the  liquor  had  less  resistance,  but  the  zinc  became 
spongy  as  the  impurities  increased. 

When  the  electrolyte  was  warmed  to  60°,  the  zinc  deposited  was 
^ery  porous,  and  considerable  loss  resulted  on  remelting.  Cooling  to 
8"  had  no  influence  on  the  course  of  the  electrolysis.  The  anodes 
hang  in  the  baths  from  4  to  6  days,  the  cathodes  from  3  to  4.  The 
latter  are  melted  down  in  iron  pots,  unless  iron-free  zinc  is  required, 
in  which  case  graphite  crucibles  are  used.  The  anode  mud  is 
removed  from  the  baths  weekly  or  fortnightly.  It  collects  at  the 
bottom  of  the  vat,  and  the  surrounding  liquid  takes  no  part  in  the 
general  circulation.  The  mud  contains  lead,  copper,  zinc,  and  zinc  oxide, 
besides  silver.  Zinc  and  zinc  oxide  are  removed  by  weak  sulphuric 
acid,  and  the  residue,  containing  30  to  60  percent,  of  silver,  is  treated 
for  this  metal.     This  method  has  been  given  up. 

Waste  from  the  galvanising  works,  consisting  of  zinc,  crude 
zinc,  zinc  oxide,  salammoniac,  and  dirt,  may  be  treated,  according  to 
Borchers,^  by  solution  of  the  zinc  in  hydrochloric  acid,  and  either 
electrolysis  of  the  purified  zinc  chloride  solution,  or  evaporation  of 
the  same  to  obtain  the  solid  zinc  chloride,  which  may  then  be  worked 
up  for  zinc  alloys  by  the  method  of  Kiigelgen.  The  solution  takes 
place  in  lead-lined  wooden  vats ;  the  liquor  is  neutralised  with  soda 
or  limestone,  and  bleaching  powder  is  added  to  oxidise  and  pre- 
cipitate the  iron.  If  but  little  iron  be  present,  the  precipitation  is 
most  quickly  performed  by  addition  of  a  solution  of  a  chromate,  along 
with  small  quantities  of  soda,  zinc  oxide,  or  zinc  carbonate.  The 
evaporation  of  the  dilute  zinc  chloride  solution  is  carried  out  as  in 
the  case  of  chamber  acid  in  flat  lead  pans  placed  one  over  the  other, 
until  a  density  of  eO**  B.  is  attained.  Evaporation  to  dryness  is 
performed  in  lead-lined  cast-iron  pots,  hemispherical  in  form,  2  feet 
H  inches  to  3  feet  3  inches  in  diameter  and  15  to  20  inches  deep. 

The  concentration  is  carried  to  such  a  point  that  the  boiling 
point  reaches  230**  to  240°  C.  Further  concentration  is  not  possible, 
as  the  lead  melts  at  300°  C.  and  begins  to  soften  at  250''  C. 
KUgelgen's  *  proposed  method,  which  was  mentioned  above,  consists 
in  melting  down  the  dry  zinc  chloride  with  the  oxides  of  other  metals 
and  calcium  carbide ;  thus  zinc  chloride,  copper  oxide,  and  calcium 
carbide  give  brass.  For  criticism  of  this  method  see  Neumann, 
C/um,  ZcU,,  1902,  xxvi.,  p.  716—719. 

^  Op,  eit.,  p.  445. 

«  ZeU,  /Ur  ElectroChemie,  1901,  7,  541,  661,  573. 
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The  Electrolytic  Extraciton  of  Zinc  in  the  Dry  Way 

Up  to  the  present,  it  has  not  been  found  possible  to  extract  zinc 
electrolytically  in  the  dry  way.  Proposals  for  the  extraction  of 
the  metal  on  a  large  scale  in  this  manner  depend  upon  the  electrolysis 
of  molten  zinc  chloride,  or  of  molten  mixtures  of  zinc  chloride  with 
other  chlorides,  principally  those  of  lead  and  silver.  Electrolysis  of 
molten  zinc  chloride  has  been  tried  on  a  large  scale  in  England,  at 
Milton.  It  is  essential  for  this  method  that  the  salt  should  be  quite 
free  from  water.  Lorenz*s  experiments  ^  show  that  so  long  as  water  is 
present,  hydrogen  is  liberated  at  the  cathode  instead  of  zinc. 
Melting  alone  is  not  enough  to  drive  oflf  all  the  water  ;  it  is  necessary 
to  evaporate  down  with  hydrochloric  acid.  Schultze  *  recommends 
dehydration  by  addition  of  zinc  to  the  molten  salt.  The  action  of 
the  metal  is  facilitated  when  an  electric  current  is  passed  through  the 
molten  mass,  using  carbon  as  cathode  and  the  melted  zinc  as  anode.  In 
this  way  the  water  present  is  electrolysed,  the  oxygen  combines  with 
zinc  to  form  zinc  oxide,  and  the  hydrogen  is  liberated  at  the  carbon 
cathode.  The  objection  to  this  process  is  that  the  zinc  oxide 
produced  dissolves  in  the  chloride  forming  zinc  oxychloride,  and  this 
interferes  with  the  subsequent  electrolysis,  in  that  a  great  deal  ot 
power  is  consumed,  and  but  little  chlorine,  and  that  mixed  with 
oxygen,  is  evolved.  According  to  Steinhart,  Fox,  Vogel,  and  Fry,^ 
zinc  chloride  can  be  dehydrated  without  the  formation  of  oxide  or 
oxychloride  of  zinc,  by  heating  up  to  the  boiling  point  of  the  salt  in 
vacuo,  the  method  of  heating  and  the  apparatus  being  similar  t<» 
that  described  for  the  preliminary  dehydration.  Borchers  *  proposed 
to  electrolyse  fused  chloride  of  zinc  between  anodes  of  carbon  and 
cathodes  of  sheet  zinc  with  current  densities  of  100  to  200  amperes 
per  square  foot  of  cathode  area,  and  tensions  of  3  to  4  volts.  He 
points  out  that  the  advantages  of  this  process,  which  would  produce 
zinc  at  the  cathode  and  chlorine  at  the  anode,  the  latter  to  be 
utilised  in  any  desired  manner,  would  be  that  with  an  equal  con- 
sumption of  power  an  apparatus  for  electrolysis  would  be  five  to  t^^n 
times  smaller  than  that  required  for  the  electrolysis  of  aqueous 
solutions  of  zinc  salts  when  insoluble  anodes  are  employed,  and  that 
chlorine  would  be  produced  without  the  employment  of  diaphragms. 
With  the  above  current  densities,  the  tension,  even  when  the  current 
density  of  the  anode  is  considerably  greater  than  that  of  the  cathode. 

»  Ztit.  fur  EUctro-Chtm.,  November  15,  1900,  July  4,  1901. 

«  Ztit.  anory.  Chtm.y  1899,  vol.  xx.  p.  323. 

»  D.R.-P.  120970.  *  mectro-Metallurgie,  1896,  p.  296. 
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is  said  not  to  exceed  3  to  4  volts.  When  aqueous  solutions  of 
zinc  salts  and  insoluble  anodes  are  employed,  this  tension  is  said  to 
be  exceeded   even  when  the  current  density  amounts   only  to   50 


Fin.  241. 


Fio.  242 


amperes  per  square  foot.  Borchers  ^  has  proposed  an  apparatus,  shown 
in  Figs  241  and  242,  for  the  electrolysis  of  fused  zinc  chloride  upon 
a  large  scale.  Fig.  241  being  a  vertical  section  through  the  apparatus, 
whilst  Fig.  242  shows  a  portion  of  the  cover  in  plan ;  a;  is  a  lead 

*  Op.  cii.y  p.  295. 
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vessel  having  the  shape  of  an  inverted  truncated  cone,  which  has  at 
its  upper  part  a  groove,  y,  into  which  the  cover,  2,  fits.  A  channel, 
w,  in  which  water  for  cooling  the  apparatus  circulates,  surrounds  the 
upper  portion  of  the  vessel.  The  leaden  pan  is  set  in  an  iron  pan,  r, 
filled  with  sand,  which  is  heated  by  means  of  a  grate.  The 
electrolyte  is  contained  in  the  leaden  pan.  The  anodes  are  formed 
by  rods  of  carbon,  t,  inserted  through  the  cover  of  the  pan  and  con- 
nected with  each  other  by  means  of  the  annular  clamp,  k,  this  clamp 
being  connected  with  the  cable,  u.  The  individual  carbon  rods  are 
surrounded  by  insulators,  m,  where  they  traverse  the  cover.  The 
cathodes  are  formed  by  pieces  of  sheet  zinc  attached  to  the  walls  of  the 
leaden  pan  and  connected  with  the  cable,  q.  An  opening  in  the 
middle  of  the  cover,  provided  with  a  tubulure,  d,  serves  to  conduct 
away  the  chlorine  evolved  during  electrolysis,  a  second  opening,/ 
which  can  be  closed  when  desired,  serving  for  the  introduction  of  the 
zinc  chloride  during  the  operation.  The  operation  is  to  be  conducted 
as  follows : — Chloride  of  zinc  is  to  be  melted  in  the  leaden  pan  until 
the  molten  mass  fills  the  groove,  y.  The  cathode,  •/?,  is  then  intro- 
duced, the  cover  is  put  on,  and  cold  water  is  allowed  to  flow  through 
the  channel,  lo.  The  cover  is  kept  suspended  until  a  crust  of  salt,  }k 
has  formed  in  the  groove  and  around  the  upper  portion  of  the  pan, 
when  it  is  allowed  to  settle  down ;  the  current  is  then  passed  through, 
and  on  account  of  its  great  strength,  such  a  quantity  of  heat  is  evolved 
that  but  little  firing  is  required.  The  zinc  deposits  on  as  much  of 
the  cathode  as  is  not  protected  by  the  crust  of  zinc  chloride,  the 
chlorine  escaping  through  the  tubulure,  rf.  Fresh  chloride  of  zinc  is 
added  from  time  to  time  through  the  opening,/,  in  order  to  keep  the 
pan  constantly  filled  with  the  molten  salt.  When  a  sufficient  qaantity 
of  zinc  has  been  deposited  at  the  cathode,  the  water  current  is  cut  ofiF, 
so  that  the  crust  of  salt  in  the  groove,  y,  melts,  when  the  cover  can  be 
removed,  the  cathode  with  the  deposit  of  zinc  taken  out,  and  replaet*<i 
by  a  fresh  one.  Loi-enz  ^  proposes  to  submit  molten  mixtures  of  the 
chlorides  of  zinc,  lead,  and  silver  to  electrolysis,  when  lead  and 
silver  are  said  to  separate  out  first,  and  afterwards  pure  zinc  to  be 
deposited. 

Lyte  and  others  have  proposed  cathodes  of  molten  zinc,  and  these 
have  found  application  in  the  process  of  Swinburne  and  Ashcrofb.  This 
process  has  been  tried  on  a  large  scale  at  Milton,  Staffordshire,  and 
a  plant  for  working  it  is  said  to  have  been  erected  at  Weston  Point, 
England.^     The  ores  treated  at  Milton  are  mixed  sulphides  of  lead, 

^  Ztitsch.  fur  EkctrO'Chtm.^  1895-96,  No.  16,  p.  318. 
'^  The  Mill.  Ind.,  1902,  pp.  267  and  677. 
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zinc,  and  silver.     In  a  paper  by  Ashcroft  read  before  the  Institute  of 

Jlining  and  Metallurgy  in  London,  June  1901,^  it  is  stated  that  the 

ground  unroasted  ores  (which  in  the  experiments  contained  29  per 

cent,  of  lead,  26  of  zinc,  21  of  sulphur,  5  of  iron,  2  of  manganese,  17  of 

^angue,  and  19  ounces  of  silver  per  ton)  are  charged  into  a  converter 

containing  molten  zinc  chloride.     Chlorine  is  led  in  under  pressure 

and  this  converts  the  metals  into  chlorides,  with  liberation  of  sulphur. 

It  is  said  that  at  temperatures  under  600°  C.  this  sulphur  forms 

chloride  of  sulphur,  so  that  it  is  advisable  to  keep  the  temperature 

in  the  converter  above  600°,  but  below  720°  C,  the  boiling  point  of 

zinc  chloride.     The  sulphur  is  collected  in  condensers,  and  the  zinc 

chloride,  in  so  far  as  it  is  not  needed  for  the  fresh  charges  of  ore,  is 

poured  or  tapped  oflf  from  the  solid  residue,  which  consists  mainly  of 

gangue.     Of  the  impurities,  iron  and  manganese  arc  left  as  insoluble 

oxides  with  the  gangue,  by  blowing  air  through  the  molten  mass 

at  a  particular  stage  in  the  operations.     The  molten  chloride  after 

leaving  the  converter  is  deprived  of  silver  by  addition  of  lead,  which 

takes  up  the  silver,  forming  an  equivalent  amount  of  lead  chloride. 

The  silver-bearing  lead  is  removed,  then  zinc  is  added  to  decompose 

the  lead  chloride ;  lead  is  thus  formed  and  an  equivalent  quantity  of 

zinc  chloride.     After  tapping  the  lead,  the  residual  zinc  chloride  is 

subjected  to  electrolysis.     The  solid  residues  removed  from  time  to 

time  from  the  converter  still  contain  large  quantities  of  zinc  chloride 

from  which  they  are  freed  by  extraction  with  water.     The  solution 

thus  obtained  is  evaporated  until  the  zinc  chloride  melts,  the  last 

traces  of  water  along  with   iron,  lead,   and   other   impurities   are 

n^moved   by    a   short   electrolysis  with    carbon   anodes   (which   are 

destroyed  by  oxidation  with  the  oxygen  liberated),  and  the  remaining 

zinc  chloride,  now  pure,  is  electrolysed  along  with  the  chloride  from 

the  main  reaction. 

The  electrolysis  is  performed  in  a  steel  vat,  6  feet  in  diameter, 
having  an  18-inch  lining  of  fire-bricks  set  in  a  particular  kind  of 
cement  The  cathode  is  formed  by  a  mass  of  molten  zinc  weigh- 
ing 1  ton,  metallic  connection  with  the  negative  pole  of  the  source 
of  electricity  being  made  through  a  heavy  steel  block  fixed  in  the 
Hning  of  the  vat,  and  through  five  hollow  copper  leads  attached  to 
this  block.  The  anode  consists  of  a  movable  cast-iron  plate,  coated 
on  the  under  side  with  a  special  cement,  from  which  120  carbon  rods 
10  inches  long  hang  down,  dipping  6  inches  into  the  electrolyte. 
The  latter  is  kept  molten  by  the  heat  generated  by  the  passage  of 
the  current  through  it.     A  vat  of  this  sort  requires  3,000  to  4,000 

1  The  Electrician,  July  12,  1901. 
VOL.  II  a 
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amperes  at  a  tension  of  4  to  45  volts,  and  the  output  of  zinc  ptr 
week  is  1  ton.  The  zinc  is  tapped  direct  from  the  vat  and  run  into 
moulds,  the  vat  being  then  charged  with  fresh  zinc  chloride.  This 
is  poured  into  the  vat  by  tipping  from  a  ladle,  which  is  brought  into 
position  with  a  travelling  crane.  The  lining  of  the  vat  was  nut 
corroded  by  the  electrolyte  after  a  nine-month  campaign.  The  anodes 
last  at  least  6  months ;  the  temperature  of  the  vat  is  kept  between 
425  and  525°  C.  Sodium  chloride  and  calcium  chloride  are  addeil 
to  the  electrolyte  to  increase  its  conductivity,  in  such  quantity  that 
the  percentage  of  zinc  does  not  exceed  28  (pure  zinc  chloride  con- 
tains 48*5  per  cent,  of  zinc).  The  chlorides  thus  added  are  not 
decomposed  by  the  current,  so  that  they  do  not  need  renewing. 
The  chlorine  liberated  during  the  electrolysis  is  drawn  into  a  ga:?- 
ometer  by  a  little  ebonite-covered  fan,  and  is  there  liquefied  for  con- 
venience in  keeping.  It  serves  to  produce  fresh  zinc  chloride,  beintj 
forced  for  that  purpose  into  the  converter  under  a  pressure  of  50  11>^. 
to  the  square  inch.  Critical  opinion  of  this  process  cannot  bo  (ex- 
pressed until  the  results  of  longer  working  on  a  large  scale  are 
forthcoming. 

Dorsemagen*s  ^  experiments  have  led  him  to  suggest  a  method  fi'i 
the  extraction  of  lead  and  zinc  from  their  molten  chlorides,  prepan-^l 
from  mixtures  of  galena  and  zinc  blende,  which  are  difficult  of  nieial- 
lurgical  treatment.  The  finely  pulverised  ores  are  mixed  with  brine, 
and  treated  with  electrolytic  chlorine  in  rotating  barrels  at  a  teni 
perature  of  30°  to  40°  C.  Sulphur  separates  out,  and  the  lead  and 
zinc  are  converted  into  their  chlorides,  the  lead  completely,  the  zin* 
partially.  The  chlorides  are  dissolved  by  leaching  out  or  by  means 
of  hot  water,  and  the  residue  containing  sulphur  and  zinc  sulphido 
quite  free  from  lead,  leaves,  after  melting  away  the  sulphur,  only  zinc 
sulphide,  which  may  be  treated  for  zinc  in  the  ordinary  way.  If  the 
ores  contain  silver,  the  greater  part  of  it  is  foimd  in  the  residues,  and 
but  a  small  quantity  in  the  solution.  From  the  solution  it  is  pn^ 
cipitated,  and  from  the  residues  it  is  extracted  in  the  course  of  the 
treatment  for  zinc.  The  solution  of  the  chlorides  is  now  evaporatinij 
the  salts  are  dehydrated  and  electrolysed  in  the  molten  condition  in 
iron  vessels,  the  iron  serving  as  cathode.  Liquid  lead  and  zinc 
collect  at  the  bottom  of  the  bath,  and  form  after  a  while  two  layet^ 
of  zinc-lead  alloys,  one  poor  in  zinc  and  rich  in  lead,  the  other  ]HXJi 
in  lead  and  rich  in  zinc.  These  alloys  can  then  be  treated  for  K 
and  zinc.  Experiments  with  dressed  products  of  Broken  Hill  oi 
yielded  a  residue,  after  extraction  of  the  chlorides,  free  from  leiid  ai 
^  ZcUh.  d.  ver.  deiUsrh,  Ing.^  1902,  p.  1634  ;  Borchers'  EhctnmtL  pp.  389,  44«. 
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containing  40  per  cent,  of  zinc  and  most  of  the  silver.  If  the  mixed 
ores  contain  heavy  spar,  it  is  advisable  to  continue  the  chlorine 
treatment  until  all  the  zinc  is  converted  into  chloride.  The  solution 
of  the  chlorides  is  then  treated  as  above.  The  dry  zinc  chloride  may 
also  be  worked  for  zinc  alloys  by  melting  it  with  calcium  carbide  and 
mefeallic  oxides,  as  in  Kugelgen's  method.^  For  a  description  of  the 
apparatus  used  in  Dorsemagen*s  trials,  and  of  an  apparatus  proposed 
by  Borchers  for  the  chlorination,  see  Borchers'  Eledrometallurgie, 
page  391. 


Th  Prodiwlion  of  Zinc  from  Intimate  Mixtures  of  Sulphides  of  Lead, 

Zin^  and  Silver 

Mixtures  of  silver-bearing  galena  and  of  zinc  blende  free  from  or 
wmtaiiiing  silver,  which  cannot  be  separated  by  the  ordinary  methods 
of  dressing,  are  of  frequent  occurrence,  and  form,  for  example,  exten- 
sive deposits  at  Broken  Hill,  in  New  South  Wales.  The  treatment 
of  these  ores  has  been  the  subject  of  the  most  varied  proposals,  with- 
out, however,  any  method  becoming  established  as  indubitably  the 
hest.  Some  of  these  methods  have  not  yet  passed  the  experimental 
stage,  while  others  have  remained  mere  suggestions.  Magnetic  sepa- 
ration, like  ordinary  dressing,  has  failed  to  completely  separate  the 
galena  from  the  blende.  At  present  most  of  the  ore  is  dressed  in 
the  usual  way,  and  yields  considerable  quantities  of  intermediate 
I>roducts  which  cannot  be  worked  with  profit  for  lead  and  zinc,  along 
with  lead  concentrates,  which  are  treated  by  the  roasting  and  reduc- 
tion process,  the  roasting  being  performed  in  Ropp  furnaces,  the 
n^duction  in  water-jacketed  shaft  furnaces  of  rectangular  horizontal 
section. 

None  of  the  methods  for  separating  these  mixtures  chemically, 
some  of  which  have  been  considered  above,  have  been  quite  success- 
ful so  far.  Of  the  many  other  methods,  some  of  the  best  known  will 
now  be  described. 

Fry's  method  consists  in  an  oxidising  roasting  of  the  crushed  ores, 
one  quarter  of  their  weight  of  sulphate  or  bisulphate  of  sodium  being 
added  towards  the  end  of  the  operation,  so  that  by  its  melting  the 
ores  are  agglomerated.  The  agglomerated  mass  is  now  mixed  with 
\  of  its  weight  of  ferric  oxide  (calcined  pjnrites),  and  quickly  smelted 
in  a  shaft  furnace,  the  products  being  a  readily  fusible  slag  and 
metallic  lead  (90  per  cent,  of  the  ore  content),  which  bears  the  whole 

»  Zeit.Jiir  Electrochemit,  1901,  pp.  7,  541,  551,  573. 
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of  the  gold  and  silver  present  in  the  charge.  The  slag,  according  to  the 
latest  Patent  of  H.  E.  Fry  and  R.  Addie,^  should  be  mixed  in  a  finely- 
powdered  condition  with  a  non-bituminous  coal  or  with  coke,  and 
smelted  in  a  reverberatory  furnace  fired  by  gas,  best  on  the  Siemens 
principle,  whereby  the  reduced  zinc  is  volatilised,  oxidised,  and  a»l- 
lected  in  towers  down  which  water  trickles.     The  residual  slag  is 
tapped.     The  hearth  of  the  reverberatory  furnace  is  made  of  burnt 
dolomite  mixed  with  dried  tar  when  basic  slags  are  to  be  dealt  with, 
and  is  separated  from  the  masonry  of  the  furnace  by  a  layer  of 
chrome  ironstone  rich  in  chromium.     The  molten  charge  is  rabbled 
or  poled  in  order  to  drive  out  the  zinc  as  effectually  as  passible. 
After  an  experimental  plant  at  Swansea  had  treated  20,000  tons  i»t 
Broken  Hill  ores  by  this  method,  and  had  yielded  500  tons  of  zinc 
oxide  (which  was  sold  to  the  zinc  smelters),  a  large  plant  was  erected 
at  EUesmore  Port,  but  stopped  working  as  early  as  March,  190L-   In 
Germany  the  method  has  been  tried  at  the  Silberhiitte,  Alexisbad.^ 
The  Ellershausen  process  consists  in  heating  the  ores  at  a  red 
heat  in  reverberatory  furnaces  with  50  per  cent,  of  iron  or  manganese 
oxide  and  25  per  cent,  of  coal.     The  vapours  of  lead,  zinc,  zinc  oxide 
and  sulphur  dioxide,  mixed  with  the  products  of  combustion,  are  knl 
into  a  chamber,  where  they  come  in  contact  with  steam  and  air, 
forming  thereby  sulphates  of  zinc  and  lead,  which  are  deposited  in 
the  chamber.     The  zinc  sulphate  is  dissolved  out  from  this  depisit 
with  water,  and  the  lead  sulphate,  which  contains  some  silver,  goes 
back  into  the  furnace,  where  it  gives  up  its  silver  to  the  slag?. 
These  slags,  which  contain  part  of  the  lead  in  the  charge,  are  treato) 
as  lead  ores  for  lead.     The  zinc  sulphate  is  treated  by  some  proceSvi 
for  zinc,  Ellershausen  proposing  to  this  end  the  precipitation  of  zinc 
as  sulphide  with  sodium  sulphide.     In  this  process  the  greater  purt 
of  the  silver,  along  with  the  gold  and  copper  in  the  ores  and  aboul 
2  per  cent,  of  the  lead  and  zinc,  are  said  to  remain  in  the  fumad 
slags.     The   method  has  been  tried  experimentally  at  Llanelly  i^ 
South  Wales.     It  has  been  modified  in  so  far  that  shaft  fumacd 
have  replaced  reverberatories,  and  the  zinc  is  dissolved  from  the  tlui 
dust  with  sulphurous  acid;  and  precipitated  from  this  solution  witi 
sodium  sulphide.     The  sulphide  precipitate  is  filtered  in  a  press  aii'^ 
roasted  to  oxide.     At  present  the  smelting  is  said  to  be  perfomu'' 
in  shaft  furnaces,  ordinary  fluxes  being  used  and  argentiferous  le;v 
obtained.  The  zinc  is  obtained  from  the  escaping  vapours  as  sulphid^ 

1  Eng.  Pat.  1898,  No.  4911.  i 

'  For  description  of  this  plant,  see  Viigel,  Eng,  and  3fin.  Jour.^  Septenilier  :^ 
1900.  »  Th€  Min.  Ind.,  1899,  p.  741. 
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hut  no  longer  by  means  of  sodium  sulphide,  and  the  zinc  sulphide  is 
ruasted  to  oxide ;  EUershausen  ^  states  that  90  per  cent,  of  the  zinc 
content  of  the  ores  is  obtained  from  the  dust.  This  method  is 
stated  to  be  in  use  at  Angouleme  in  France.^ 

In  Ganelin  s  process  the  powdered  ores  are  treated  with  metallic 
zinc,  and  the  molten  chlorides  of  zinc  and  sodium,  in  iron  vessels 
fitted  with  stirring  arrangements.  The  zinc  chloride  converts  the 
lead  and  silver  sulphides  into  the  corresponding  chlorides  with  forma- 
tions of  zinc  sulphide,  these  reactions  taking  place  according  to  the 
equations : — 

PbS  +  ZnClg  =  PbClg  +  ZnS. 

AggS  +  ZnCl^  =  2  AgCl  +  ZnS. 

The  zinc  sulphide  already  present  in  the  ores  remains  of  course  un- 
altered. The  metallic  zinc  now  reduces  the  chlorides  of  lead  and 
silver  to  the  corresponding  metals,  zinc  chloride  being  formed  simul- 
taneously, thus : — 

PbClg  4-  Zn  =  Pb  -h  ZnCU. 

2  AgCl  -j-  Zn  =  2  Ag  -I-  ZnCl2. 

The  lead  thus  produced  dissolves  the  silver  and  collects  at  the 
bottom  of  the  vessel,  while  the  zinc  sulphide  originally  present  and 
fonned  in  the  course  of  the  reaction,  remains  suspended  in  the 
Molten  double  salt.  The  two  layers  are  tapped  separately,  the 
irgentiferous  lead  being  desilverised  by  the  zinc  process,  and 
he  double  salt  and  zinc  sulphide  mixture  extracted  with  water  or 
reak  liquor,  whereby  a  solution  of  the  double  salt  is  obtained  and 
inc  sulphide  is  left  as  a  residue.  The  zinc  sulphide  is  treated  for 
inc  in  the  ordinary  way,  and  the  solution  of  the  double  salt  evapo- 
ated,  the  salt  dehydrated  and  used  again  in  the  treatment  of  fresh 
re.  Nothing  further  is  known  of  this  process,  which  has  been  tried 
xperimentally  in  London. 

Suggestions  have  been  made  to  roast  the  ores,  and  then  to  carry 
lit  the  distillation  for  zinc  in  retorts  with  basic  linings,  the  residues 
eing  treated  for  silver  and  lead  in  shaft  furnaces.  Thus  Sadtler  ^ 
rojioses  the  use  of  fireproof  clay  retorts  lined  with  burnt  dolomite 
•  magnesite,  the  same  material  being  also  used  for  coating  the  most 
tposed  parts  on  the  outside  of  the  retorts.  Both  lining  and  coating 
e  to  be  attached  to  the  retort  by  a  glaze  of  water  glass.  There 
no  definite    information  about  the  application   of  these  retorts. 

»  The  Min.  Ind.,  1899,  p.  742.       '^  Ibid.,  1902,  p.  266. 
»  U.S.  Pat.  No.  656268. 
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Experiments  with  them  are  being  tried  at  the  works  of  the  Midland 
Smelting  Company  at  Bruce,  Kansas.^ 

Clancy-Marsland  proposes  the  desulphurising  of  the  ores  by  heat- 
ing them  with  lead  sulphate.  The  zinc  oxide  thus  formed  is  ex- 
tracted with  sulphuric  acid,  and  the  zinc  sulphate  produced  in  this 
reaction  is  evaporated  to  dr)aiess  and  decomposed  by  heating  int^ 
zinc  oxide,  sulphur  dioxide,  and  oxygen.  The  sulphur  dioxide  may 
be  worked  for  sulphuric  acid,  and  the  lead-bearing  residues  smelted. 
Nothing  is  known  as  to  the  application  of  this  process. 

In  Neuendorfs  method^  the  ores  are  heated  with  polysulphates, 
which  are  prepared  by  heating  alkaline  sulphates  with  sulphuric 
acid.  This  mode  of  working  is  said  to  have  the  advantage  over  the 
method  of  decomposition  with  bi-sulphate,  in  that  the  high  tempera- 
ture is  obviated  at  which  the  sulphur  of  the  sulphides  is  only  partly 
burned  to  oxide  and  partly  retained  by  the  residues  or  sublimed : 
furthermore,  this  sulphur  dioxide,  being  contaminated  with  sulphur, 
cannot  readily  be  utilised.  If  sodium  pentasulphate,  prepared  by 
heating  2  molecules  of  bisulphate  with  3  molecules  of  sulphuric  acid, 
be  used,  the  reaction  proceeds  as  follows  (where  m  stands  for  zinc. 
lead,  or  silver)  : — 

MS  +  NagS^Oy-SHaSO^  =  MSO,  +  Na^SO,  -f  SHgO  +  4S0^ 

In  this  way  pure  sulphur  dioxide  is  obtained  along  with  a  melt  con- 
sisting of  1  molecule  of  metallic  sulphate  and  1  molecule  of  alkaline 
sulphate.  The  temperature  of  reaction  is  90°  to  100°  C.  If  poly- 
sulphate  containing  less  sulphuric  acid  be  employed,  sulphur 
separates  out,  nevertheless  the  temperature  of  reaction  is  so  low 
that  the  sulphur  neither  bums  nor  sublimes,  so  that  in  this  casi 
also  pure  sulphur  dioxide  is  obtained.  The  sulphur  which  remains 
in  the  residues  can  be  recovered  after  lixiviation  by  melting  out. 
Nothing  is  known  respecting  the  practical  application  of  this  procesN 
G.  E.  Davis  and  A.  R.  Davis  propose  to  extract  the  zinc  along 
with  part  of  the  iron  and  lead  from  the  unroasted  ores  by  treatment 
with  dilute  nitric  acid.  Lead  and  iron  are  to  be  removed  from  the 
solution  by  addition  of  zinc  oxide,  carbon  dioxide  being  passed 
through  the  solution  to  precipitate  the  lead  as  carbonate.  After 
evaporation  of  the  filtrate  to  dryness,  the  solid  zinc  nitrate  is  heat<tl 
in  a  muffle  to  decompose  it,  the  oxides  of  nitrogen  thus  pnxluiv»i 
being  worked  up  for  nitric  acid  along  with  the  nitrous  acid  produce<i 
by  the  action  of  the  nitric  acid  upon  the  ores.    This  regenerati^l  iui-l 

^  The  Min,  hid.,  1902,  p.  670.  «  D.R.-P.  No.  103934,  December  12,  iSJiv. 

8  ZtitH.  fur  Eiecfrorhemie,  1899,  No.  50. 
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may  then  be  used  for  the  treatment  of  fresh  ore.  The  residue  from 
the  ore  treatment  contains  lead  sulphate,  silver  and  gold,  and  may 
be  smelted  for  these  metals  and  lead.^  This  method,  also,  has  not 
found  application. 

Twyman  ^  proposes  mixing  the  pulverised  ores  with  zinc  chloride 
and  heating  to  incipient  redness  in  the  absence  of  air,  to  convert  the 
lead  into  chloride  and  the  zinc  chloride  into  zinc  sulphide.  The  lead 
chloride  may  be  leached  out  of  the  mass  with  water,  and  the  residue, 
for  the  greater  part  zinc  sulphide,  treated  for  zinc  in  the  ordinary 
way.  Another  method  is  to  roast  the  zinc  sulphide,  extract  the 
roasted  mass  with  sulphuric  acid,  and  to  precipitate  the  lead  chloride 
solution  with  the  zinc  sulphate  solution  thus  produced.  In  this  way 
the  lead  is  thrown  out  as  insoluble  sulphate,  and  zinc  chloride  is  re- 
generated.    This  process  would  probably  prove  too  expensive. 

Ferraris '  suggests  heating  the  ores  with  concentrated  sulphuric 
acid  in  a  furnace,  obtaining  thereby  metallic  sulphates,  sulphur 
dioxide,  water  and  sulphur.  The  sulphur  may  be  burned  to  dioxide, 
and  this  converted  into  sulphuric  acid  along  with  the  sulphur 
dioxide  given  off  in  the  furnace  reaction.  The  soluble  sulphates  are 
leached  out  of  the  decomposed  ores  with  water,  and  the  iron  oxidised 
and  precipitated  by  addition  of  zinc  oxide  and  blowing  air  through 
the  solution.  The  zinc  sulphate  solution  thus  obtained  is  evaporated 
to  dryness,  and  the  solid  residue  heated  with  coal  to  convert  it  into 
oxide.     This  method  has  not  come  into  use. 

De  Bechi  proposes  to  roast  the  ores  in  presence  of  air  and  steam, 
and  to  pass  the  gases  evolved  in  this  roasting  over  heated  common 
salt.  Sodium  sulphate  and  hydrochloric  acid  are  thus  formed,  and 
the  latter,  after  absorption  in  water,  can  be  used  for  leaching  out  the 
i-oasted  ores.  The  solution  of  zinc  chloride  is  precipitated  by  addi- 
tion of  lime  water.  Addition  of  silicic  acid  to  the  ores  is  said  to 
render  the  zinc  more  easily  soluble  in  acids.  This  process  is  hard  to 
csLvry  out  and  is  expensive. 

Picard  and  Sulman*  mix  the  roasted  ores  with  a  suitable 
easily-coking  material  and  some  binding  substance,  and  distil  the 
blocks  made  from  this  mixture  in  such  a  way  that  a  firm  coke  is  first 
produced,  which  retains  the  lead  and  silver  reduced  subsequently, 
whilst  the  zinc  volatilises  and  is  condensed.  The  distillation  resi- 
dues are  smelted  in  shaft  furnaces  for  silver-bearing  lead.  This  pro- 
cess was  first  used  at  the  Emu  Works  in  Wales,  where  4,000  tons  of 

>  The  Min.  Ind.,  1902,  p.  676.  «  Ibid.,  p.  682. 

»  Eng.  Pat.  No.  12349,  June  17,  1901. 
*  U.S.  Pat.  No.  665744,  January  8,  1901. 
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Broken  Hill  ores  were  treated  experimentally,  and  was  then  adopted 
definitely  at  Cockle  Creek,  New  South  Wales.  Picard  and  Sulman 
state  ^  that  the  ore  used  in  the  experiments  contained  25  per  cent 
of  zinc  and  20  per  cent,  of  lead.  After  roasting  it  was  mixed  with 
20  per  cent,  of  coking  coal  and  5  per  cent,  of  pitch,  made  into  blocks, 
and  these  distilled  in  Belgian  furnaces  holding  144  retorts,  the  charge 
for  the  whole  furnace  being  7  tons.  Each  retort  contained  15  bri- 
quettes. The  coke-like  residues,  after  the  distillation  of  the  zinc 
was  completed,  contained  the  reduced  lead,  the  matte,  and  the  slags 
in  the  form  of  fine  particles,  and  the  coke  was  found  to  prevent  the 
action  of  the  matte  and  slag  upon  the  walls  of  the  retorts.  The 
residues  contained  5  to  8  per  cent,  of  zinc,  and  the  crude  zinc  con- 
tained 99  per  cent,  of  zinc  and  0*5  per  cent,  of  lead.  The  life  of  the 
retorts  was  35  to  42  days.  The  loss  of  lead  during  distillation  was 
quite  inconsiderable.  There  are  no  further  details  about  the  working 
of  this  process. 

Schulte  ^  recommends  distilling  zinc  ores  with  coal  and  a  small 
quantity  of  tar,  asphalt,  or  some  liquid  or  readily  volatile  hydro- 
carbon, so  that  before  the  temperature  of  reduction  of  zinc  oxide  is 
attained,  finely  divided  carbon  separates  out  and  envelopes  the 
particles  of  ore,  with  the  result  that  the  zinc  oxide  is  more  effec- 
tually reduced,  and  the  slags  are  prevented  from  melting  together 
and  attacking  the  walls  of  the  retorts.  Much  less  coal  need  be  taken 
for  reduction  when  tar  is  present  than  when  only  coal  is  used.  Thus 
it  is  stated  that  reduction  is  quite  as  complete  when  3  per  cent,  of  Uir 
and  25  per  cent,  of  coal  are  used,  as  when  50  per  cent,  of  coal  is 
taken  without  any  tar.  The  small  amount  of  coal  used  for  reduction 
purposes  in  Picard  and  Sulman  s  process  is  probably  the  result  of 
mixing  tar  with  the  charge.^ 

Treatvunt  of  Ores  coiilaiJiing  Zinc  for  tJie  Production  of  Meixhattfahic 

Zinc  Compounds 

In  many  cases  ores  of  zinc  are  treated  in  order  to  produce  market- 
able compounds  of  zinc,  such  as  zinc  oxide,  mixtures  of  zinc  oxide, 
lead  oxide  and  lead  sulphate,  or  zinc  vitriol.  Such  compounds  ol 
zinc  are,  as  a  rule,  only  produced  when  the  zinc-bearing  ores  art- 
not  suitable  for  the  extraction  of  metiillic  zinc,  either  because  thoy 
contain  other  valuable  mebils,  such  as  iron,  lead  or  silver,  or  becau>i' 

*  Di-y  ProctHS  for  the  Treat  mint  of  Comjiitx  Sulphide  Ores,  Inst,  of  Min.  anJ 
MetaU.,  June  19,  1902. 

*  French  Pat.  No.  31826'),  January  31,  1902,  and  U.S.  Pat.  No.  718222,  Januar\ 
13,  1903.  '  Berg-  nnd  HiUten-m.  Ztg.,  September  19,  1902,  p.  482. 
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they  are  too  poor  in  zinc.  Such  ores  are  more  particularly  zinciferous 
iron  ores  and  zinciferous  lead  or  silver-lead  ores.  The  extraction  of 
zinc  white  is  carried  on  in  the  eastern  United  States  of  North  America, 
especially  in  New  Jersey  and  Pennsylvania,  the  production  of  a 
mixture  of  zinc  oxide,  lead  oxide  and  lead  sulphate  in  the  States  of 
Missouri  and  Colorado,  and  the  production  of  zinc  vitriol  at  the  Julius 
and  Sophia  works  in  the  Lower  Harz. 

Production  of  Zinc  White 
Zinc  white  is  produced  at  the  works  of  the  Lehigh  Zinc  and  Iron 
Company,  at  Bethlehem,  Pennsylvania,  at  the  works  of  the  New 
Jersey  Zinc  and  Iron  Company  at  Newark,  New  Jersey,  at  the  works 
of  the  Passaic  Zinc  Company  near  Jersey  City,  and  at  the  works 
of  the  Bergen  Port  Zinc  Company  at  Bergen  Port,  New  Jersey.  The 
ore  employed  for  the  production  of  zinc  white  consists  chiefly  of  a 
mixture  of  franklinite  and  willemite,  with  variable  quantities  of 
calamine  and  calcite.  Zincite,  rhodonite  and  tephroite  also  occur 
irregularly  distributed  in  the  mass.  According  to  DUrre  ^  the  frank- 
linite contains  9  to  20  per  cent,  of  manganese,  and  willemite  2  to  7 
per  cent.,  the  more  rarely  occurring  rhodonite  42  per  cent.,  and  the 
also  scarce  tephroite  54  percent.  The  average  analyses  of  considerable 
(juantities  of  these  ore  mixtures  are  as  follows,  according  to  DUrre  *: — 
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The  earlier  experiments  for  extracting  metallic  zinc  from  these 
ores  failed  on  account  of  their  high  percentage  of  iron  and  manganese, 
by  which  the  retorts  were  destroyed.  On  the  other  hand,  the  treat- 
ment of  the  raw  ores  for  iron  was  rendered  difficult  by  the  amount 
of  zinc  present.  An  American,  Samuel  Wetherill,  was  the  first  to 
succeed  in  treating  these  ores  by  employing  them  for  the  production 
of  zinc  white  by  means  of  special  furnaces  designed  by  himself.  The 
residues,  rich  in  iron  and  manganese,  which  were  thus  obttiined,  and 
which  only  retain  a  small  quantity  of  zinc,  proved  to  be  a  suitable 

*  ZeitHchr.  d.  ver.  deuisch.  Jug,,  1894,  p.  185.  '^  Loc.  cit. 
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material  for  the  production  of  spiegeleisen,  which  is  at  presint 
extracted  from  them.  Only  lately  has  it  been  found  possible  t«) 
separate  the  ores  into  zinc  ores  proper,  which  may  be  used  in  thi* 
extraction  of  zinc,  and  franklinite  ores,  which  serve  as  raw  material 
first  for  the  production  of  zinc  white,  and  then  for  spiegeleisen.  This 
result  has  been  achieved  by  means  of  Wetherill's  magnetic  dressing 
machine.  The  ores  are  crushed  in  rock  breakers  down  to  J -inch 
diameter,  dried  in  shelf  towers,  further  pulverised  and  separated  int4» 
five  grades,  each  of  which  is  dressed  magnetically,  yielding  concentniU-s 
of  franklinite  ores  and  a  mixture  of  willemite,  calamine  and  calcsjxir. 
The  concentrates  are  the  material  used  in  the  preparation  of  zinc 
white  and  spiegeleisen  ;  the  other  product  is  further  dressed  in  the 
ordinary  way  and  yields  the  zinc  ore  from  which  zinc  may  be 
extracted.  According  to  Wetherill  ^  the  ores  yield  67 '48  per  cent,  oi 
franklinite  ores  containing  29*47  per  cent,  of  iron,  1367  per  cent,  ct 
manganese  and  2294  per  cent,  of  zinc,  and  2399  per  cent,  of  zinc 
ores  proper,  which  consist  of  willemite  and  calamine  and  contain 
2*2  per  cent,  of  iron,  5*15  per  cent,  of  manganese  and  48*96  per  cent, 
of  zinc.  The  franklinite  ores  average  26  per  cent,  of  zinc  oxide,  anil 
the  tailings  contain  4'19  per  cent,  of  zinc.  Undressed  ores,  which 
used  to  be  worked  for  zinc  white,  contained  30  to  35  per  cent,  of  zinc. 
Wetherill  reduces  the  zinc  oxide  of  the  ores  in  furnaces,  the  ores  lyini; 
upon  a  grate  designed  by  himself,  or  upon  a  bed  of  anthracite  resting 
upon  the  latter,  zinc  being  thus  produced  which  is  burnt  to  zinc 
oxide  immediately  upon  its  production,  by  the  air  and  the  carbi>n 
dioxide  contained  in  the  products  of  combustion.  The  process  is  only 
successful  when  pure  oxidised  ores  are  employed,  such  as  exist  in  the 
above-named  ore  mixtures,  when  the  fuel  used  is  a  pure  coal  bumini; 
without  the  formation  of  smoke  or  soot,  such  as  is  found  in  Pennsyl- 
vanian  anthracite,  and  when  the  Wetherill  grate  with  blast  in  tht 
ashpit  is  made  use  of.  The  zinc  oxide  intermixed  with  the  product> 
of  combustion  is  cooled  down  and  collected  in  bags  after  the  zinc  ha> 
been  completely  burnt,  and  particles  of  coal  and  ashes  have  botii 
separated  from  it,  whilst  the  permanent  gases  evolved  escape  through 
the  pores  of  the  bags.  As  regards  the  construction  of  the  fumaec 
and  of  the  cooling  and  condensing  arrangements,  the  furnace  is  simi- 
larly constructed  in  all  the  above-mentioned  works,  whilst  the  coolini: 
and  condensing  plants  only  differ  in  unessential  details. 

The  Wetherill  furnace,  represented  in  Figs.  243  and  244,  consist^ 
of  an  arched  chamber  provided  with  doors  at  either  end.     Insidt*  it 
there  is  a  grate,  a,  consisting  of  a  plate  of  cast-iron  1*4  inches  thick 
»  Eng.  and  Min.  Jour.,  July  17  ami  24,  1897. 


ZINC 


299 


pierced  with  conical  holes  (100  holes  to  the  square  foot),  the  upper 
smaller  end  being  04  inch  in  diameter,  whilst  the  lower  larger 
diameter  amounts  to  1  inch ;  the  grate  is  supported  upon  cast-iron 
bearers.  Owing  to  the  conical  shape  of  the  holes  they  are  prevented 
from  becoming  stopped  up.  Underneath  the  grate  there  is  a  closed 
ashpit,  h,  into  which  air  is  introduced  by  means  of  lateral  flues,  c.  The 
air  is  forced  by  means  of  a  fan  into  a  flue  running  underneath  the 
ashpits  of  a  whole  series  of  furnaces,  as  shown  in  Figs.  245  and  246, 


Fia.  244. 
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in  which  (7 shows  the  flue  running  underneath  the  furnaces,  A,  From 
this  main  flue  small  flues  ascend  in  the  brickwork  between  the  indi- 
vidual furnaces,  and  these  are  connected  at  their  upper  ends  by  means 
of  small  horizontal  flues  with  the  ashpit.  These  horizontal  flues,  c 
[m  Figs.  243  and  244),  can  be  closed  by  means  of  dampers,  so  as  to 
enable  the  blast  to  be  cut  oflF  from  any  particular  furnace,  if  the 
charge  in  it  has  been  worked  off,  or  for  repairs.  In  the  arch  above 
the  furnace  there  are  flues  through  which  the  gases,  vapours  and 
flue  dust  escape.  With  smaller  furnaces  there  is 
only  one  flue,  g  (in  Figs.  243  and  244),  to  each 
furnace.  Larger  furnaces  (Fig.  245)  have  two  flues. 
The  gases  and  vapours  pass  through  these  flues 
either  directly  into  a  main  flue,  h  (Figs.  243  and 
244),  or  as  at  the  Lehigh  Zinc  Works  (Figs.  245 
and  246),  first  into  vertical  iron  pipes,  B,  and  then 
into  a  main  flue,  J9.  The  individual  furnaces  are 
united  to  form  blocks,  which  contain  up  to  34 
furnaces  (see  Fig.  246).  The  furnaces  are  either 
single  or  double,  according  as  each  furnace  extends 
through  the  whole  width  of  the  block  or  not.  The  width  of  the  furnaces 
at  the  grate  is  3  feet ;  the  length  of  the  single  furnaces  amounts  to 
5  feet  5  inches,  that  of  the  double  furnace  to  15  feet.  The  height 
of  the  crown  of  the  arch  above  the  hearth  is  3  feet.  The  area  of 
the  flue  in  the  arch  is  about  1  square  foot.  The  doors  at  the 
short  ends  of  the  furnaces  are  set  in  arches  12  inches  high  and 
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32  inches  wide.  The  gases  pass  through  the  collecting  flues  into  two 
towers  one  after  the  other,  in  which,  on  the  one  hand,  any  unburut 
zinc  vapour  is  completely  burnt  to  zinc  oxide,  whilst,  on  the  other 
hand,  any  particles  of  ash  or  fuel  carried  off  with  them  are  deposited. 
The  towers  used  at  the  Lehigh  Works  are  shown  in  Fig.  246.^  The 
current  of  gases  and  dust  passes  through  the  tube  D  into  the  t-ower 
E,  being  drawn  in  by  means  of  a  fan  erected  behind  the  second  tower. 
It  then  escapes  from  the  bottom  of  the  first  tower  into  the  tower  F, 
69  feet  high  and  79  feet  in  maximum  circumference,  which  it  also 
traverses  from  below  upwards.  Many  of  the  towers  are  said  to  con- 
tain partition  walls  also.  From  these  towers  the  gas  current  passes 
into  cooling  chambers.     A  fan  is  arranged  between  the  last  tower  and 
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the  cooling  chamber,  by  means  of  which  the  current  is  driven  into 
the  latter.  In  Fig.  246,  G  is  the  outlet  from  the  last  tower,  H  is  the 
fan,  and  J  the  cooling  chamber.  At  many  works  the  current  Is 
divided  between  two  cooling  chambers,  which  it  traverses  lengthways. 
In  these  chambers  the  current  of  gas  and  dust  is  cooled  down  to  such 
an  extent  that  the  zinc  oxide  and  gas  can  be  separated  from  one 
another  in  bags  of  cotton  or  twill  without  injury  to  the  latter.  The 
construction  of  the  cooling  chambers  used  at  the  Lehigh  Zinc  Works 
is  shown  in  Figs.  247  and  248.*  They  are  98  feet  6  inches  long, 
20  feet  wide,  and  42  feet  6  inches  high  up  to  the  base  of  the  roof, 
their  walls  consisting  of  polished  woodwork,  whilst  the  roof  is  made 
of  corrugated  iron,  and  the  floor,  which  is  formed  of  sheets  of  iron, 
p  and  5,  sloping  towards  each  other,  rests  upon  supporting  walls,  s.     In 

1  DUrre,  loc.  cU.        «  Strecker,  Jahrb.  d.  K,K.  MmUanlehranstaiten,  27,  1879. 
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order  to  remove  the  oxide  of  zinc  deposited  in  these  cooling  chambers, 
there  are  shoots,  7%  in  the  bottom  provided  with  sliding  doors ;  aj  is  a 
drying  floor  made  of  sheet  iron  upon  which  the  zinc  oxide,  collected 
in  the  cooling  chambers,  is  dried.  From  the  cooling  chambers  the 
gas  current  enters  the  chambers  in  which  the  zinc  oxide  is  caught,  the 
h4)-called  bag  chambers.  In  these  the  current  is  distributed  through 
a  system  of  horizontal  pipes  running  near  the  roof.  At  distances  of 
3  feet  apart  vertical  branches  descend  which  have  also  prolongations 
upwards.  To  these  there  are  attached  bags  or  hose  30  to  36  feet 
long  and  about  2  feet  in  diameter,  made  of  strong  cotton,  which  hang 
down  vertically.  They  are  either  open  below,  or  else  several  such 
sacks  are  connected  together  at  the  bottom  in  the  form  of  a  U.  The 
zinc  oxide  collects  inside  these  bags,  whilst  the  permanent  gases 
escape  through  the  meshes  of  the  cloth  and  thus  into  the  open  air. 


r 


•pnrnniiffEE 


Fio.  247. 


FxQ.  218. 


The  arrangement  of  these  bag  chambers  at  the  Lehigh  Works 
is  shown  in  Figs.  249  and  250.^  K  is  the  tube  which  conveys  the 
current  of  gas  from  the  cooling  chamber, «/,  into  the  bag  chamber.  It 
opens  into  the  main  pipe,  X,  6  feet  wide,  from  which  the  lateral 
branches,  M^  open  out.  N  are  the  bags  attached  to  these  branches. 
The  topmost  portion  of  the  bags  has  also  been  made  of  wire  netting 
for  a  length  of  some  6  feet,  in  order  to  avoid  any  injury  to  the  upper 
[jortion  of  the  bag  by  the  gases,  which  are  still  hot.  The  open 
bottom  ends  of  the  bags  rest  either  upon  the  floor  or  open  into  casks,' 
in  which  the  zinc  white  is  collected  by  beating  the  bags.  There  are 
altogether  708  of  these  bags  at  the  Lehigh  Works. 

The  ore  and  anthracite  are  employed  crushed  to  pea  size.  The 
grate  is  first  covered  with  a  bed  of  anthracite,  varying  in  weight 
between  165  and  200  lbs.,  according  to  the  area  of  the  grate. 
The  blast  is  then  turned  on,  and  as  soon  as  the  layer  of  coal  is 
thoroughly  ignited,  a  mixture  of  ore  and  anthracite  is  piled  upon  it. 

*  Diirre,  loc.  cU, 
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A  single  furnace  is  charged  with  250  to  300  lbs.  of  ore  and  a  double 
furnace  with  480  to  520  lbs.,  anthi-acite  to  the  amount  of  40  per 
cent,  of  the  weight  of  the  ore  being  mixed  with  it.  When  the  fur- 
naces are  being  regularly  worked  they  remain  sufficiently  hot  after 
the  residues  from  the  treatment  of  a  charge  have  been  removed  t^:* 
ignite  the  next  charge.     The  air,  entering  through  the  holes  in  the 
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grate,  burns  the  anthracite,  producing  carbon  dioxide.  This,  on  its 
ascent  through  the  layer  of  anthracite,  is  partly  reduced  to  carbc^n 
monoxide,  by  means  of  which  gas,  as  also  of  the  carbon  of  the  inter- 
mixed coal,  the  oxide  of  zinc  is  reduced  to  metal.  The  vapours  of 
the  latter  are  converted  into  zinc  oxide  by  the  action  of  the  oxygon 
in  the  excess  of  air,  tis  also,  after  partial  cooling,  by  the  carbon  dioxidi' 
contained  in  the  current  of  gas,  and  this  zinc  oxide  is  carried  off  by  tht: 
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giiseous  current,  passes  with  the  latter  through  the  above-described 
apparatus,  and  is  finally  caught  in  the  bags  already  described.  The 
time  occupied  in  working  a  charge  depends  upon  the  size  of  the 
fiiraace.  At  Bethlehem,  with  a  single  furnace  treating  300  lbs.  of 
ore  per  charge,  it  occupies  4  hours ;  at  the  Passaic  Works,  with  a 
charge  of  250  lbs.,  6  hours.  One  workman  per  shift  is  required  for 
every  4  single  furnaces.  His  duties,  in  addition  to  charging  and 
emptying  out  the  furnace,  are  to  keep  the  charge  sufficiently  open  for 
the  blast  to  pass  through  it,  and  to  see  that  the  temperature  is  main- 
Uiined.  The  residues  remaining  on  the  grate  generally  contain  from 
2i  to  4  per  cent,  of  zinc,  so  that  the  loss  of  zinc  varies  from  10 
to  20  per  cent,  of  the  percentage  present  in  the  ore.  The  propor- 
tion of  zinc  retained  by  the  residues  cannot  be  diminished  either  by 
increasing  the  quantity  of  coal  or  by  leaving  the  charge  for  a  longer 
time  in  the  furnace.  It  depends  solely  upon  the  depth  of  the  layer 
of  ore,  and  is  less  the  thinner  the  charge  is  spread  out  upon  the  grate. 
For  instance,  in  a  series  of  experiments  at  the  New  Jersey  Works,^ 
when  the  depth  of  the  charge  above  the  grate  amounted  to  between 
5  and  8  inches,  and  the  charge  was  left  from  5  to  6  hours  in  the 
furnace,  the  percentage  of  zinc  in  the  residues  was  from  1*20  to  4  per 
cent.,  whilst  when  the  charge  was  spread  in  a  layer  12  to  18  inches 
thick  and  left  for  13^  to  28  hours,  it  amounted  to  8  to  10  per  cent. 
The  residues  partly  form  sintered  cakes  2  inches  in  thickness, 
jjartly  small  pieces  and  dust.  In  addition  to  the  constituents  of  the 
ore  that  remain  behind,  they  also  contain  the  ashes  (15  to  20  per 
Cent.)  of  the  anthracite,  as  well  as  lime,  which  is  in  many  cases 
jvlded.  According  to  Durre,  their  chemical  composition  varies 
l)et\veen  the  following  limits  ^  : — 

Per  cent. 

Silica 18  to  28 

Ferric  oxide 29  „  36 

Alumina 2  „     9 

Manganous  oxide 10  „  20 

Zinc  oxide 3  „  15 

Lime 8  „  16 

Magnesia .     .  1   „     4 

The  residues  obtained  at  present  from  the  dressed  ores  (with 
'2^')  per  cent,  zinc  oxide)  contain  in  percentages  36*99  of  iron,  15*67 
of  manganese,  15*67  of  silica,  4*11  of  zinc,  and  0*029  of  phosphorus. 

On  account  of  their  richness  in  iron  and  manganese  they  are 
'  Strecker,  op.  cil.,  p.  344.  *  Loc,  cit. 
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smelted  for  spiegeleisen.  The  zinc  oxide  is  collected  in  the  above- 
mentioned  bags,  whilst  impure  zinc  oxide  to  the  extent  of  2  to  3  per 
cent,  of  the  total  quantity  produced  is  deposited  in  the  flues,  pijws. 
towers  and  cooling  chambers.  The  latter  is  removed  from  time  to 
time,  generally  once  a  week,  and  is  either  sent  into  the  market  as 
inferior  zinc  white  or  is  returned  with  the  ores  to  the  Wetherill 
furnaces,  or  is  smelted  for  metallic  zinc  in  retorts.  The  zinc  white 
deposited  in  the  bags  is  removed  from  them  by  shaking  and  beating 
from  time  to  time,  generally  at  intervals  of  from  2  to  4  hours,  and  is 
collected  into  barrels.^  If  it  is  damp,  it  must  first  be  dried  upon  the 
drying  floor  of  the  cooling  chambers  and  then  sifted  in  a  cylindrical 
sieve,  the  screening  surface  consisting  of  closely-woven  linen.  At 
some  works,  as  at  Bethlehem,  the  dried  and  sifted  zinc  white,  after 
the  casks  have  been  filled,  is  compressed  by  means  of  a  press  attached 
to  the  side  or  cross-walls  of  the  building,  and  the  cask  is  then  again 
filled  up.  The  zinc  white  is  sometimes  also  pressed,  first  in  ordinary 
sacks,  and  then  packed  in  casks. 

At  the  works  in  South  Bethlehem,  the  ore  first  underwent  a 
reducing  calcination  in  order  to  convert  the  iron  into  magnetic  oxide, 
and  was  then  divided  into  portions,  poor  and  rich  in  iron  respectively, 
by  means  of  a  Wenstrom  magnetic  separator  (at  present  the  ore  is  I 
separated  in  the  unroasted  state  by  means  of  a  Wetherill  separator). 
Th€t  portion  poor  in  iron,  which  contained  46*38  per  cent,  of  zinc. 
3*76  per  cent,  of  iron,  and  6*68  per  cent,  of  manganese,  was  smeltnl 
for  spelter  of  a  high  degree  of  purity  known  as  the  Stirling  brand, 
whilst  the  portion  rich  in  iron,  which  contained  29*66  per  cent,  of 
oxide  of  zinc,  37*20  per  cent,  of  iron,  and  9*34  per  cent,  of  manganese, 
was  first  treated  for  the  production  of  zinc  white,  and  then  smelted  for 
spiegeleisen.  The  reducing  calcination  was  performed  in  a  rotating 
calciner  heated  by  gas,  shown  in  Fig.  251.^ 

The  ore  was  mixed  with  20  per  cent,  of  its  weight  of  anthracite* 
and  then  introduced  into  the  rotating  calciner,  C,  over  the  slopini: 
surface,  B,  by  means  of  the  elevator,  A,  The  furnace  was  heate^i 
by  producer  gas  generated  in  Taylor  gas  producers,  D.  The  ore 
escaped  through  the  bottom  end  of  the  furnace  heated  to  bright 
redness,  whilst  the  products  of  combustion  escaped  at  the  upper  enii 
into  the  stack,  F,  From  the  rotating  furnace  the  ores  entered  the 
rotating  cooler,  (?,  through  which  a  current  of  cool  air  passed,  whilst 
water  was  allowed  to  run  over  the  outside.  The  cool  ore  was  raist-tl 
by  means  of  the  elevator,  H,  into  the  hopper,  Z,  and  carried  by  a 
blast  through  the  pipe,  «/,  into  a  second  elevator,  which  raise<l  it 
*  V.  Ehrenwerth,  Mining  and  Metallurgy  at  the  Chicago  Exhibition.  Vienna,  185i'». 
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on  to  the  sieve,  Z,  upon  which  the  unconsumed  anthracite  was 
retained.  The  ore  that  passed  through  the  sieve  was  transferred  to 
three  magnetic  separators,  jV,  lying  one  below  the  other.  The  non- 
magnetic portion  of  the  ores  from  each  separator  entered  the  hopper 
for  zinc  ores.  The  separator  worked  with  a  current  of  50  amperes 
and  a  tension  of  80  volts,  required  20  horse-power  to  drive  it,  and 
treated  40  tons  of  ore  in  24  hours. 

The  construction  of  the  furnace  for  the  production  of  zinc  white 
is  shown  in  Figs.  252  to  254,  the  plant  for  collecting  the  zinc  white 
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in  Fig.  255.  The  furnace  grate  is  10  feet  long  and  4  feet  wide. 
Furnace  and  ashpits  are  provided  at  their  short  ends  with  doors,  which 
are  kept  closed  during  the  operation.  From  the  arch  of  each  furnace 
two  vertical  sheet-iron  pipes  lead  into  the  main  pipe,  V;  the  latter 
opens  into  a  cooling  chamber,  which  is  connected  to  the  cooling  tower, 
W,  From  this  tower  the  zinc  oxide  passes  into  the  pipe,  J',  and  by 
means  of  a  fan  is  forced  into  the  cooling  chatnber,  F,  which  com- 
nmnicates  with  the  bag  chamber,  S.  After  the  gmte  has  been  covered 
with  a  layer  of  anthracite,  this  is  ignited,  and  then  a  layer  of  mixed 
ore  and  anthracite,  4-7  to  7  inches  deep,  is  spread  over  it.     The  blast 
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is  then  introduced,  and  at  the  end  of  6  hours  83  per  cent,  of  the  zinc 

of  the  ore  is  converted  into  zinc  white.     A  small  portion  of  the  latkr 

is  collected  in  the  cooling  chamber,  the  greater  portion  in  the  bags  »)f 

the  bag  chamber.     For  100  parts  of  franklinite  56  parts  of  coal  were 

employed  for  admixture  and  46  as  fuel,  the  product  of  the  above 

quantity  of  franklinite  being  24*5  parts  of  zinc  white,  containing 

99*87  per  cent,  of  oxide  of  zinc,  and  1*5  parts  of  impure  zinc  white, 

containing  99*34  per  cent,  of  oxide  of  zinc,  together  with  66*22  pa^t^ 

of  residues.     The  latter  were  treated  for  spiegeleisen  and  zinc  oxide. 

Their  composition  was  as  follows : — 

Per  cent. 
Zinc  oxide 6*1 

Iron 38-98 

Manganese 10*83 

Silica 19*89 

Phosphorus 0026 

The  residues  were  smelted  in  a  blast  furnace  35  feet  high,  with  hot 
blast  heated  to  480**  C. ;  the  vapours  of  zinc  escaped  from  thisfumaa 
at  so  high  a  temperature  that  they  could  not  be  condensed  in  the  upper 
portions  of  the  latter.  The  vapours  and  gases  passed  from  the  bla>t 
furnace,  as  shown  in  Fig.  255,  into  an  arrangement,  V,  consisting  <•( 
vertical  pipes  in  which  zinc  white  and  metallic  zinc  were  deposit<?(]: 
the  gases  were  then  used  as  fuel  for  the  generation  of  steam  and  for 
heating  the  blast.  To  each  furnace  there  were  two  of  these  con- 
densers for  collecting  zinc  and  zinc  oxide,  which  were  used  alternately 
so  that  the  working  of  the  furnace  had  not  to  be  interrupted  whilst 
they  were  being  cleaned  out;  66*22  parts  of  residues  (  =  100  pansef 
franklinite)  yielded  31*72  parts  of  spiegeleisen,  2*33  parts  of  ini})U!v 
zinc  oxide  containing  7416  per  cent,  of  oxide  of  zinc,  and  57*80  pirts 
of  slag,  10  tons  of  spiegeleisen  being  produced  every  24  hours.  Ft-r 
the  production  of  100  tons  of  spiegeleisen,  208*6  tons  of  residui-Js 
114*7  of  limestone,  and  208*6  of  anthracite  were  required.  Thu 
greatest  works  for  the  preparation  of  zinc  white,  zinc  ana 
spiegeleisen  have  been  erected  recently  at  Palmerton»  Peiinsylvanii^ 
by  the  New  Jersey  Zinc  Company.  The  output  per  year  from  thii 
works  is  estimated  at  60,000  short  tons  of  zinc  white,  30,000  sh-rl 
tons  of  zinc,  and  72,000  long  tons  of  spiegeleisen.^  For  the  preivan^i 
tion  of  zinc  white  there  arc  288  furnaces  combined  in  independt  n' 
blocks  of  12  each. 

Zinc  white  is  extensively  used  in  the  United  States  for  jwinl.  I| 
has  the  disadvantage,  as  compared  with  the  zinc  white  produceJ  i' 

1  The  Mtn.  Ind.,  1892,  p.  663. 
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Europe  by  the  combustion  of  zinc,  that  it  becomes  slightly  yellow 
in  time.  Zinc  white  is  produced  from  zinc  blende  in  the  same  way 
as  it  is  from  ores  containing  franklin ite.  If  this  blende  is  not  dead 
roasted,  the  zinc  oxide  will  contain  some  sulphate.  At  Bergenport 
the  charge  consists  of  645  lbs.  of  calcined  blende,  and  300  lbs.  of 
anthracite.  Gray  oxide  of  zinc  has  also  been  produced  in  this  way 
in  Europe.  In  Swansea,  England,  and  in  Belgium,  calamine  and  the 
dressed  residues  from  distillation  vessels  have  been  similarly  treated 
for  zinc  oxide.  If  the  ores  contain  galena,  sulphate  of  lead  and 
oxide  of  lead  are  also  formed,  these  bodies  likewise  passing  into  the 
zinc  white. 

Plant  was  erected  at  Joplin,  Missouri,  in  1901,  for  the  preparation 
of  zinc  white  from  carbonate  containing  37  per  cent,  of  zinc.^  Middle- 
ton  2  has  proposed  to  use  a  reverberatory  furnace  without  fire  bridge 
for  the  preparation  of  zinc  white  from  ores.  The  ore  consisting  of 
roasted  blende  or  calamine  is  first  heated  on  the  hearth  of  the  re- 
verberatory and  then  raked  on  to  the  full-charged  grate.  The 
reduced  zinc  bums  and  is  drawn  over  the  hearth  into  condensers. 
The  ashes  from  the  fuel  are  removed  by  turning  the  movable  grate. 

The  preparation  of  zinc  white  by  electrothermic  methods  has  been 
introduced  at  Crampagna,  Ari^ge,  in  France.'  The  vapours  of  zinc  and 
carbon  monoxide,  obtained  by  reducing  calcined  calamine  or  zinc 
blende  in  the  electric  furnace,  are  mixed  with  air  and  burnt.  The 
carbon  monoxide  bums  to  dioxide,  and  this  exerts  an  oxidising  action 
on  the  zinc.  The  complete  combustion  of  the  zinc  takes  place  in  a 
chamber  into  which  the  vapours  are  led  and  from  which  they  escape 
through  iron  pipes  into  cooling  chambers,  where  the  greater  part  of 
the  zinc  oxide  is  precipitated.  From  these  they  are  drawn  by  a  fan 
and  filtered  through  bags,  which  retain  the  zinc  oxide  and  allow  the 
gases  to  escape  through  the  pores  of  the  cloth.  The  zinc  white 
obtained  in  this  way  is  said  to  have  great  covering  power ;  the  im- 
purities consist  to  the  extent  of  5  per  cent,  of  silica,  alumina,  lime 
and  lead  oxides,  and  the  amount  of  lead  should  not  exceed  1  per  cent. 
According  to  Salguez  the  yearly  output  is  1,000  to  1,500  tons  with  a 
consumption  of  500  to  1,000  h.p. 

Preparation  of  Mixtures  of   Oxide  of  Zinc,  Sulphate    of  Lead  and 

Oxide  of  Lead 

At  various  works  the  zinc  is  removed  from  lead  ores  containing 

zinc  by  reduction  of  zinc  oxide  and  oxidation  of  the  escaping  zinc 

1   The  Mill.  Ind.,  1902,  p.  674.  a  Eng.  Pat.  No.  12274,  June  15,  1901. 

3  French  Pat.  No.  3182^,  Jan.  31,  1902  U.S.   Pat.  No.  718222,  Jan.  13,  1903. 
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vapours.  The  zinc  oxide  thus  formed,  which  always  contains  con- 
siderable quantities  of  lead  sulphate  and  lead  oxide,  is  collected  and 
sold  as  a  paint.  If  the  ores  contain  silver,  a  portion  of  the  silver 
always  passes  off  with  the  oxides.  This  process  is  carried  out  in 
reverberatory  furnaces  and  in  hearths.  It  is  in  use  at  Joplin, 
Missouri,  and  at  Cannon  City,  Colorado,  and  is  known  in  these  places 
as  the  Bartlett  process.  At  Joplin,  Jaspar  County,  Missouri,^  the  ore 
consists  of  blende  containing  galena  with  70  to  73  per  cent,  of  lead. 


Side  eftoatlon 


Front  Elevation 


4 iW" ^ 


Blast  main  j 


'1^ 


JL 


^ 


Section  through 
the  tuyeres 


Fiaa.  25G— 258. 


It  is  treated  in  double  hearths  cooled  by  air  and  water,  the  constriH*- 
tion  of  which  is  shown  in  Figs.  256  to  258,  with  the  addition  of  2i 
per  cent,  of  lime,  the  first  products  being  lead,  zinciferous  lead,  funif 
and  slag.  The  hearth  rests  upon  cast-iron  columns,  so  that  it«  lowrr 
portion  is  cooled  by  air.  The  hearth  space  is  divided  by  a  hol!«>w 
cast-iron  block,  lying  on  the  bottom,  into  two  portions,  each  of  whirh 
forms  a  separate  hearth,  and  can  be  worked  independently  of  th« 
other.     This  partition  forms  the  back  wall  common  to  both  fiimrt^v>. 

*  Davey,  Trans.  Am.  Innt.  Min.  Eng.f  vol.  xviii,  p.  674  ;  Clerc,  Eng.  Mag.  Jonrt , 
July  4,  1896;  Ramsay,  Scientific  American,  Supplement,  May  14,  No.  693,  18^7: 
Tram,  Am,  Iivtt,  Min.  Eng.,  February,  1889. 
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and  has  an  opening  in  the  lower  portion,  through  which  it  fills  with 
molten  lead.  Upon  it  lies  a  hollow  cast-iron  water  box  in  which 
water  circulates,  and  above  this  is  an  iron  air  box  divided  lengthways 
into  two  portions,  in  which  air  circulates.  Through  both  divisions  of 
the  air  main  the  blast  passes  into  a  row  of  copper  tuyeres,  seven  for 
each  division,  which  pass  through  the  water  box  and  convey  the  blast, 
heated  in  the  air  box,  into  the  hearth.  By  means  of  the  blast,  a 
portion  of  the  galena  is  converted  into  lead  sulphate  and  lead  oxide, 
which  bodies  combine  with  the  undecomposed  sulphide  of  lead  to 
fonn  metallic  lead  and  sulphur  dioxide.  A  portion  of  the  lead  is 
volatilised  and  oxidised  by  the  blast ;  a  portion  of  the  lead  sulphide 
is  also  volatilised  and  converted  by  the  blast  into  sulphate.  The 
sulphide  of  zinc  is  first  converted  into  zinc  oxide,  which  is  reduced 
by  the  fuel,  the  blast  converting  the  zinc  vapour  again  into  oxide. 
The  lead  and  zinc  fume  is  cooled,  and  then  collected  in  woollen  bags, 
forming  a  gray  powder.  By  burning  out  the  carbonaceous  sub- 
stances, particles  of  soot  and  coal,  contained  in  it,  it  is  converted  into 
white  crusts,  which  are  smelted  with  the  slag  obtained  in  smelting 
the  galena,  in  low  blast  furnaces  with  coke  at  a  very  high  temperature. 
An  additional  row  of  tuyeres  is  provided  in  the  upper  portion  of  the 
blast  furnace  for  the  oxidation  of  the  volatilised  lead  and  zinc.  Lead, 
'^lag  and  fume  are  thus  produced.  The  last-named  is  first  cooled, 
and  then  collected  in  bags,  and  forms  a  white  product,  saleable  as 
piint.     Its  composition  is  shown  in  the  following  analysis : — 


I. 

II. 

PbvS04 

.    .    .          65-46 

6500 

PbO 

.    .    .          25-85 

25-89 

ZnO 

.    .    .            5-95 

6  03 

FeA 

.    .    .            003 

0-02 

CaO 

.    .    .            002 

0-02 

COo 

.    .    .            1-53 

200 

8o; 

H,0. 

.    .    .            0-04 

— 

.    .    .            0-69 

0-85 

IxLSolable     .... 

.    .    .            008 

0-08 

In  the  hearth  described  above  13^  tons  of    ore  are  treated  in  24 
hours  with  a  fuel  consumption  of  13  J  tons  of  coal. 

At  Cannon  City,  in  Colorado,  the  Bartlett  ^  process  is  in  use  for 
the  treatment  of  mixed  galena  and  blende  containing  noble  metals, 
the  object  being  to  convert  the  lead  and  zinc  into  a  mixture  of  lead 
sulphate  and  zinc  oxide,  and  to  concenti-ate  the  noble  metals  in  a 
cupriferous  matte.  The  ores  are  treated  according  to  their  content 
of  zinc.     Those  with  more  than  20  per  cent,  of  this  metal  are  roasted 

'  Hofmann,  Tke  Metallurgy  of  Lead,  p.  138. 
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with  blast  in  sintering  or  blowing  up  furaaces,  and  yield  thereby  a 
sintered  mass  of  lead  and  matte,  which  is  further  treated  for  flue 
dust  and  matte  in  shaft  furnaces,  the  greater  part  of  the  zinc  and 
nearly  all  the  lead  being  volatilised  in  the  sintering  furnace ;  ores 
with  less  than  20  per  cent,  of  zinc  are  treated  directly  for  the  dust 
and  matte  in  shaft  furnaces,  or  are  worked  along  with  sintered  ores 
for  the  same  products. 

The  sintering  furnace  is  shown  in  Figs.  259  and  260.  The  grate, 
only  half  of  which  is  visible  in  Fig.  259,  consists  of  two  step  grates,  a, 
and  a  horizontal  grate,  6,  the  total  length  being  6  feet,  and  the  breadth 
3 J  feet ;  one  end  rests  on  side  walls  of  the  furnace,  over  which  rises 
an  arch  ;  c  is  the  ashpit  closed  by  the  door/,  h  the  working  door,  g 
the  flue  for  the  escape  of  gases  and  solid  particles  blown  away  by  the 
blast.  The  side  walls  of  the  arch  rest  upon  hollow  iron  pillars,  l\ 
These  have  been  lately  supplanted  by  water  jackets.     In  the  pillars 


Pio.  259. 


Fio.  260. 


are  openings  on  the  side  facing  the  furnace,  which  serve  for  the 
admission  of  compressed  air  to  the  charge.  The  materials  are  chargtHl 
through  the  hopper,  t,  and  fall  between  the  pillars,  k,  on  to  the  grid. 
The  blast  is  conveyed  along  the  pipe,  m,  and  is  directed  into  the 
charge  through  the  hollow  pillars  and  the  grates.  The  ore  is  charged 
in  with  15  to  20  per  cent,  of  slack  coal,  the  coal  becoming  coked  in 
the  lower  part  of  the  hopper  and  in  the  upper  layers  on  the  stej» 
grate.  When  the  charge  has  reached  the  horizontal  grate  it  is 
spread  out  6  inches  thick  by  a  workman,  operating  from  the  working 
door,  and  the  empty  hopper  is  then  refilled.  The  blast  is  then 
turned  on.  The  coke  is  kindled  in  the  furnace  which  is  still  nni 
hot  from  the  treatment  of  the  previous  charge,  and  the  flames,  at  first 
blue  from  the  burning  carbon  monoxide,  turn  white  when  the  zino 
and  lead  volatilise.  After  30  minutes'  working,  practically  all  the 
lead  and  most  of  the  zinc  is  driven  out ;  the  sintered  mass  of  matte 
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and  slag,  knovsrn  as  clinker,  which  remains  is  then  raked  out  and  the 
furnace  is  charged  afresh.  The  blast  pressure  is  4  to  8  ozs.  per 
square  inch  ;  6  tons  of  ore  are  worked  off  in  24  hours,  and  one  man 
attends  two  furnaces.     The  clinker  contains  : — 

Per  Cent. 

Ferrous  oxide 30  to  50 

Silica 27  „  31 

Sulphur 7  „  11 

Carbon 3  „    3*5 

Zinc 10  „  20 

Copper 0  „     2 

Lead  less  than  1  per  cent. 

The  matte  contains  most  of  the  gold  and  silver. 

To  obtain  the  zinc  and  the  matte  from  the  clinker,  it  is  smelted 
in  a  low  shaft  furnace  with  ores  containing  less  than  20  per  cent,  of 
zinc,  sulphides  of  lead,  zinc  and  copper,  lime  and  quartzose  ores  being 
added  in  such  quantity  that  the  charge  contains  (besides  silica  and 
iron)  17  to  20  per  cent,  of  zinc,  2  J  to  4  of  copper,  3  to  10  of  lead,  15 
to  20  of  sulphur,  and  10  of  lime.  The  coke  added  amounts  to  6  to  15 
per  cent,  of  the  weight  of  ore,  varying  according  to  the  zinc  content. 
The  arrangement  of  the  furnace  used  is  shown  in  Figs.  261  and  262. 
The  horizontal  section  is  rectangular,  and  measures  108  by  36  inches. 
The  foundation  walls  are  shown  at  a ;  6  is  the  blast  pipe  which  enters 
a  wind  chest,  the  blast  reaching  the  charge  through  openings,  c,  in  the 
chest,  8  by  1  ^  inches  in  size.  For  the  purpose  of  warming  the  blast, 
the  pipe,  p,  is  led  along  the  dust  flue.  The  water  jacket  is  at  d,  the 
inlet  pipes  for  the  water  at  e,  and  the  outlet  pipes  BXf\g  are  the 
charging  hoppers,  h  the  shaft,  and  k  the  flue  through  which  the  dust 
and  vapours  from  two  furnaces  escape  into  cooling  chambers.  The 
slag  is  run  oflF  into  slag  pots  along  the  gutter,  m,  the  bed  of  the 
fiuTiace  sloping  towards  this  gutter  so  that  the  slags  can  be  tapped 
directly.  The  blast  pressure  amounts  to  12  ozs.  per  square  inch. 
The  furnace  works  off  40  to  75  tons  of  charge  in  24  hours,  the 
quantity  varying  with  the  zinc  content,  being  40  tons  when  the  zinc 
content  is  20  per  cent,  and  75  tons  when  12  per  cent.  Three  men 
attend  a  furnace  per  shift.  After  four  weeks'  furnace  campaign  the 
dust  flues  must  be  cleaned  out.  The  output  of  matte  from  10  to  12 
tons  of  ore  is  1  ton,  and  this  averages  40  per  cent,  of  copper  and  125 
and  2  ozs.  per  ton  of  gold  and  silver  respectively. 

The  slags  may  contain  up  to  15  per  cent,  of  zinc  oxide,  though 
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they  should  not  average  more  than  7  to  8  per  cent.,  otherwise  the 
slags  retain  silver.  The  silver  content  of  the  slags  is  0'25  to  r25 
ozs.  per  ton,  and  is  smaller  the  greater  the  quantity  of  lime 
present.  Basic  ferriferous  slags  dissolve  20  to  25  jx^r  cent,  of  zinc 
oxide.  Lime  in  the  slags  in  quantities  up  to  15  per  cent,  is  necessary 
for  the  solution  of  zinc  oxide;  more  than  this  amount,  however, 
hinders  the  solution  of  zinc. 

The  vapours  from  the  sintering  and  blast  furnaces  are  drawn  by  a 
fan  into  a  mixing  and  cooling  chamber,  cooling  being  promot€d  by 
the  admission  of  air,  and  a  unifonn  temperature  being  attained. 
They  pass  thence  into  a  sheet-iron  chamber,  entering  at  the  bottom 


...rftnuuinziK. 
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and  striking  the  top.  A  considerable  amount  of  flue-dust  is  deposit-ed 
in  this  chamber,  but  the  greater  part  settles  down  in  the  next  twi» 
cooling  flues,  which  are  each  1,480  feet  long  and  8  by  3  feet  wide- 
The  flue-dust  is  removed  from  these  through  side  doors.  For 
1  square  foot  of  grate  area  in  the  sintering  furnace,  25  square  feet  of 
cooling  flue  surface  is  reckoned.  From  the  flues  the  vapours  pass 
into  sacks  which  further  sepamte  the  gases  fi'om  the  dust.  The 
sacks  are  made  of  cotton  or  wool  21  feet  long  and  20  inches  across; 
the  cotton  ones  last  18  to  24  months,  the  woollen  ones  6  to  10  years. 
The  temperature  of  the  room  must  not  exceed  90°  and  120°  C.  when 
the  bags  are  of  cotton  and  wool  respectively.  For  1  square  foot  of 
grate  in  the  sintering  furnace,  there  are  needed  200  square  feet  of 
wool  or  cotton.     If  twice  shaken  in  24  hours  1   square  yard  of  wool 
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yields  1  lb.  of  dust;  and  1  square  yard  of  cotton  §  lb.  The  flue- 
dust  contains  12  per  cent,  of  lead  sulphide,  30  of  lead  sulphate, 
U  of  zinc  oxide,  40  of  zinc  sulphite,  1  of  carbon,  1  of  silicon,  and  2 
of  sulphur  dioxide.  The  flue-dust  from  the  sintering  furnace  contains 
4  ounces  of  silver  per  ton  and  that  from  the  shaft  furnace  8  ounces 
per  ton.  The  silver  losses  are  given  at  f  ounce  per  ton  when  the 
copper  content  exceeds  4  per  cent.,  and  3  ounces  per  ton  when 
1  per  cent,  of  copper  is  present.  The  loss  of  zinc  is  5  per  cent.,  but 
the  lead  shows  a  slight  excess  over  the  dry  assay. 

The  coarse  flue-dust  is  converted  into  a  mixture  of  zinc  oxide  and 

lead  sulphate  by  heating  it  in  cast-iron  cylinders.     These  cylinders, 

of  which  there  are  two  in  a  furnace,  are  10  feet  long  and  1  foot  in 

diameter,  and  are  fitted  inside  with  a  transport  screw.     Four  iron 

bars  equally  spaced  and  running  the  length  of  the  cylinder,  serve 

when  the  screw  is  rotated  to  lift  up  the  dust  and  allow  it  to  slip 

back.    Air  enters  the  cylinder  at  the  top  end  through  a  circular 

opening,  and  escapes  at  the  lower  end  through  a  vertical  pipe.     This 

pipe  fits  into  a  horizontal  sheet-iron  cylinder,  in  which  any  dust 

carried  over  settles  out,  and  from  which  the  gases  escape  into  the 

open  through  an  upright  lead  pipe.     The  screw  forces  the  dust  from 

the  back  to  the  fore-end  of  the  cylinder,  crushing  it  at  the  same 

time,  and  any  carbon  and  foreign  volatile  metals  like  arsenic  are 

oxidised  by  the  instreaming  air  and  carried  away.    The  temperature 

of  the  cylinder  is    kept  at  SIS''  C,  and    the    flue-dust    takes    20 

minutes  to  traverse  the  cylinder.     When  it  emerges  it  falls  on  to  a 

small  transport  screw  which  carries  it  to  a  sieve  upon  which  the 

Coarser  portions  remain.     A  cylinder  puts  through  1,200  to  1,500 

pounds  of  flne-dust  daily,  and  5  measures  of  raw  flue-dust  yield  1 

inecosure  of  refined  dust  or  pigment  containing  47*33  per  cent,  of 

zinc,  24*92  of  lead,  296  of  sulphur  and  2434  of  oxygen.     It  consists 

chiefly  of  zinc  oxide  and  lead  sulphate  and  is  bluish-white  in  colour. 

One  ton^  of  ore  requires    for   treatment   3*25  H.P.    and  0*75  man. 

Roasted  zinciferous  lead  and  silver  ores  used  formerly  in  Freiberg  to  be 

smelted  in  reverberatories  with  coke,  and  the  reduced  zinc  volatilised 

and  collected  as  zinc  grey.    This  process  has,  however,  been  discarded 

owing  to  the  disadvantage  attending  it  in  the  volatilisation  of  lead 

and  silver. 

The  Production  of  Zinc  Vitriol 

At  the  Herzog  Julius  Works,  at  Goslar,  and  at  the  Sophia  Works, 
near  Langelsheim,  zinc  vitriol  is  produced  from  the  lead  ores    of 
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Rammelsberg,  which  contain  considerable  quantities  of  zinc  blende. 

These  ores  consist  of: — 

Per  Cent. 

Galena 9  to  12 

Zinc  blende 275  to  30 

Copper  pyrites 1  to  1*69 

Iron  pyrites       11  „  16 

Gangue 44  „  47 

The  average  content  of  sulphur  and  metals  in  the  last  few  years  may 

be  taken  as  : — 

Per  Cent. 

Sulphur 16  to  18 

Silver 0001  „  0005 

Copper 0-45  „  0  55 

Lead        998  „  105 

Zinc 18  „  19-5 

Iron 5  „     7 

The  gangue  consists  chiefly  of  barytes.  The  ores  are  ealciiKHl 
three  times  in  heaps,  by  which  a  portion  of  the  sulphide  of  zinc  is 
converted  into  sulphate.  The  latter  is  more  especially  contained  in 
the  small  ore,  which  is  therefore  removed  after  each  fire.  The  first 
fire  lasts  for  6  or  7  months,  heaps  of  500  tons  being  treated ;  tho 
second  and  third  fires  are  given  in  calcining  houses,  the  heaps  being 
left  uncovered.  Each  heap  contains  up  to  2,000  tons  of  ore.  The 
second  fire  lasts  6  to  8  weeks ;  the  third,  4  to  6  weeks.  The  suuill 
ore  separated  after  the  various  fires  contains  the  zinc  partly  in  thr 
form  of  neutral  zinc  sulphate,  partly  as  a  basic  sulphate  and  oxid. 
The  neutral  sulphate  is  brought  into  solution  with  water,  the  bjisir 
sulphate  and  part  of  the  oxide  with  weak  sulphuric  acid.  The  small 
ore  and  the  roasted  lump  ore  have  the  following  average  compoi- 
tion : — 

SmaU  Ore.     Lump  Ore. 
Per  Cent.       Per  Cent. 
Ag 0015  0013 

CuO 1-34  0-93 

PbO 14-44  1002 

ZnO 1912  2814 

Fefi., 22-95  13-64 

SO3 15-95  16-62 

S    ..........     .  0-60  017 

Insoluble  residue,  alkaline  earths, 

CO2,  HgO,  traces  of  Mn      .     .  8505  — 

Heavy  spar —  2466 

Gangue —  5*81 
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In  order  to  remove  the  neutral  zinc  sulphate,  the  small  ore  is 
systematically  leached  with  water  and  waste   solutions,   and  after 
being  dried  in  reverberatory  furnaces  is  smelted  for  lead,  together 
with  the  lump  ore  from  the  third  fire,  in  blast  furnaces.  The  small  ore 
is  leached  in  horizontal  cylindrical  drums  driven  by  machine  power. 
The  ends  of  these  drums  are  made  of  cast  iron,  the  sides  of  wrought 
iroD.    Their  length  is  3  feet  11  inches  and  their  diameter  3  feet 
3  inches,  and  they  contain  from  1  to  1^  tons  of  ore.     The  ore  is 
leached  four  times,  the  two  first  times  with  the  unsaturated  solution 
(10'  to  15**  B.)  from  a  previous  operation,  the  two  last  times  with  hot 
water,  yielding  thereby  solutions  of  density  15°  and  10°  B.  respec- 
tively.    These  are  used  for  preliminary  leaching  as  mentioned  above. 
The  small  ore  from  the  third  fire  contains  much  basic  zinc  sulphate, 
90  that  at  the  Sophia  Works  sulphuric  acid  is  added  to  the  leaching 
liquor.     At  the  Julius  Works  the  roasted  smalls  from  the  third  fire 
are  steeped  in  sulphuric  acid  (20°  B.)  in  a  lead  box,  and  then  leached 
out  with  pure  water.     In  this  way  the  basic  sulphate  and  part  of 
the  oxide  are  brought  into  solution.     The  drums  make  25  revolu- 
tious  per   minute.     The   first   solution    of  50°B.   and    the   second 
of  20°B.  are  mixed  so  as   to  form  a  lye   of  30°B.,   clarified,   freed 
from    iron   and   sulphate   of  lime,   and   then    evaporated   down  to 
the  crystallising  point,  when  the  zinc  vitriol  is  allowed  to  crystallise 
out.     The  solutions  are  clarified  first  in  wooden  troughs  30  inches 
broad  and  22  inches  deep,  and  then  in  brick  tanks  lined  with  cement, 
10  feet  long,  4  feet  3  inches  broad,  and  3  feet  3  inches  deep.     Those 
tanks  are  provided  with  a  wooden  grating,  upon  which  there  is  a 
layer  of  the  richest  small  ore.     The  solution  is  thus  further  con- 
centrated by  being  allowed  to  filter  through  this  layer.     The  clarify- 
ing of  the  solution  consists  in  heating  it  for  24  hours  to  a  tempera- 
ture of  80°  to  90°C.,  in  pans  made  of  sheet  lead  0*5  inch  thick,  13  feet 
long,  10  feet  broad  and  2  feet  deep,  which  stand  upon  a  cast-iron 
plate,  and  are  surrounded  with  a  brick  wall  one  brick  in  thickness. 
The  solution  is  then  transferred  to  wooden  boxes  lined  with  sheet 
lead,  10  feet  long,  7  feet  3  inches  broad  and  3  feet  3  inches  deep,  for 
a  period  up  to  10  days.     The  iion  is  converted  by  the  heating  into  a 
basic  sulphate,  and  separates  out  together  with  the  sulphate  of  lime 
and  other  sparingly  soluble  bodies,  in  the  tanks.     About  half  a  ton 
of  coal  is  required  for  the  clarifying  of  255  cubic  feet  of  solution  of 
30^B.     The  solution  thus  purified  is  evaporated  in  pans  similar  to 
those   used  for  clarifying,  down  to  50°B.,  and  is  then  run  out  into 
cooling  vats  made  of  wood  lined  with  sheet  lead    0*12  inch  thick, 
in  which  the  zinc  vitriol  is  allowed  to  crystallise  out  for  5  to  6  days. 
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The  concentration  of  the  solution  from  30°  to  50°B.  takes  about  20 
hours,  the  consumption  of  coal  being  from  17  to  18  cwts.  The  cool- 
ing tanks  are  32  feet  9  inches  long,  5  feet  broad,  16  inches  deep  at 
the  sides,  and  20  inches  in  the  centre.  The  crystallised  vitriol  is 
dried.     It  has  the  following  composition : — 

Per  Cent. 

ZnO  25-45 

MnO  232 

FeO  0-47 

SO3  '  29-54 

CuO  trace 

H2O  41-67 

The  presence  of  manganese  gives  it  a  pale  pink  colour.  The 
mother  liquor  is  pumped  back  into  the  evaporating  pans  until  it 
becomes  too  impure. 

A  portion  of  the  zinc  vitriol  is  worked  up  into  calcined  vitriol. 
For  this  purpose  it  is  heated  in  copper  or  wrought-iron  pans,  3  feet 
3  inches  deep  and  4  feet  in  maximum  diameter,  until  it  melts  in  its 
water  of  crystallisation,  when  it  is  stirred  continually  for  3  or  4 
hours.  The  impurities  that  separate  out  are  then  skimmed  off,  and 
it  is  finally  ladled  into  wooden  tanks,  in  which  it  is  stirred  with 
wooden  paddles  until  it  solidifies  to  a  fine  grained  mass.  It  is  then 
sifted  and  packed  in  barrels.  At  the  Sophia  Works  266  tons  of 
crystallised  vitriol  produced  232  tons  of  calcined  vitriol,  with  a 
consumption  of  2,750  cubic  feet  of  cord- wood. 

TreatmeiU  of  Zinc  Blende  containing  Barytes. — Dorsemagen  ^  bast^i^ 
on  his  experiments  a  method  of  treating  such  ores,  which  consists  in 
mixing  the  finely  divided  ores  with  weak  brine  in  revolving  barrels, 
and  chlorinating  at  a  temperature  of  30°  to  40°  C.  Sulphur 
separates  out  and  zinc  chloride  is  formed ;  after  leaching  out  the 
latter  its  solution  is  evaporated,  the  residual  zinc  chloride  dehy- 
drated, then  mixed  with  oxides  of  metals  and  calcium  carbide  and 
smelted  for  zinc  alloys.^  There  are  no  details  of  the  working  of 
this  process. 

^  ZeiL  d.  ver.  deutwh.  Ing,,  1902,  p.  163-4. 
^  Borchers,  op.  cit,,  p.  395. 
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Physical  Properties 

Cadmium  has  a  white  colour  with  a  bluish  tinge  ;  its  stucture  is 
deuse,  its  fracture  hackly.  It  crystallises  in  the  forms  of  the  cubical 
system.  It  is  soft  and  ductile,  and  can  be  both  beaten  out  into  thin 
foil  and  drawn  into  wire.  It  is  intermediate  between  tin  and  gold  in 
hardness  and  tenacity. 

Its  specific  gravity  when  cast  is  said  to  be  8*604,  when  hammered 
8-694.. 

When  bent  it  "  cries  "  like  tin. 

Its  melting  point  is  316°  C.  according  to  Wood,  320°  C.  according 
to  Rudberg,  and  355°  C.  according  to  Wagner.  Its  boiling  point  is 
^iven  as  720°  C.  by  Becquerel,  and  as  860°  C.  by  Deville  and  Troost. 
Its  vapour  is  orange-yellow  and  bums  in  the  air,  forming  brown 
cadmic  oxide. 

An  addition  of  zinc  renders  cadmium  brittle. 

It  has  the  property  of  lowering  the  melting  points  of  certain  of 
its  alloys.  Thus  Rose's  metal,  composed  of  2  parts  of  bismuth,  1  part 
tin  and  1  part  lead,  melting  at  93  J°  C,  has  its  melting  point  brought 
down  to  75°  C.  by  the  addition  of  8  to  10  per  cent,  of  cadmium.  An 
alloy  containing  8  parts  lead,  15  parts  bismuth,  4  parts  tin  and  3 
parts  cadmium  becomes  pasty  at  60°  C.  and  quite  fluid  at  70°  C.^ 
^'jhtenberg's  metal,  which  consists  of  286  per  cent,  of  bismuth, 
42-8  of  lead  and  28*6  of  tin,  has  its  melting  point  lowered  from  91*6° 
to  75°  C.  by  the  addition  of  8  to  10  per  cent,  of  cadmium,  and  the 
same  amount  reduces  the  melting  point  of  Newton's  metal — 50 
per  cent,  of  bismuth,  31*25  of  lead  and  1875  of  tin — from  94*5° 
to  75°  C. 

*  Lipowitz,  Dingier,  vol.  158,  p.  376. 
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The  melting  point  of  Sicherluth,  a  soft  solder  containing  37  parts 
of  lead  and  63  parts  of  tin,  is  lowered  by  8  per  cent,  of  cadmium  to 
136°  C,  and  by  25  per  cent,  to  132**  C.^  Another  solder  (Schfulllotk) 
composed  of  1  part  of  cadmium,  1  of  lead  and  2  of  tin  melts  at 
149°  C.  An  alloy  of  cadmium  and  tin  of  the  composition  CdSn«, 
vsrhich  is  very  malleable,  melts  at  173*8°  C.  The  melting  points  of 
some  other  alloys  of  cadmium  are  here  given  : — 

Alloy  containing  Cd  25  per  cent.  Sn  50  per  cent.  Pb  25  per  cent, 
melts  at  150°  C. 

Alloy  containing  Cd  52  per  cent.  Sn  94  per  cent.  Pb  35*4  per 
cent.  Bi  50  per  cent,  melts  at  76*6°  C. 

Alloy  containing  Cd  5*0  per  cent.  Sn  150  per  cent.  Pb  25*0  per 
cent.  Bi  55  per  cent,  melts  at  60°  C. 


THE   CHEMICAL   PROPERTIES   OF   CADMIUM   AND  OF   ITS  COMPOUNDS 
THAT   ARE   OF   IMPORTANCE   IN    ITS   EXTRACTION 

When  heated  in  the  air  to  its  boiling  point,  cadmium  bums  to  an 
amorphous  brown  oxide,  infusible  at  a  white  heat.  It  only  decom- 
poses water  when  water  vapour  and  cadmium  vapour  are  allowed  to 
interact  at  a  red  heat.  At  lower  temperatures  it  only  decompos<*s 
water  in  the  presence  of  acids.  It  is  soluble  in  hydrochloric,  nitric 
and  sulphuric  acids.  Zinc  precipitates  it  from  its  solutions.  Sulphur- 
etted hydrogen  precipitates  it  from  moderately  acid  solutions  a.^ 
a  sulphide  of  various  shades  of  yellow.  According  to  Niederlander,- 
cadmium  sulphide  of  a  pale  yellow  colour  is  produced  from  solnt' 
of  the  chloride  or  the  sulphate  when  the  cun-ent  of  sulphurettt^. 
hydrogen  is  interrupted  after  half  the  metal  has  been  precipitated, 
when  the  gas  is  allowed  to  come  into  contact  as  little  as  possible  with 
the  precipitate,  and  when  the  latter  is  washed  with  hot  water.  The 
dark  yellow  sulphide  is  produced  by  complete  precipitation  with  con- 
stant stirring  and  heating  of  the  precipitate  during  the  whole  perici^i 
of  the  operation.  A  10  per  cent,  solution  is  best  suited  to  the  pro- 
duction of  both  the  pale  and  dark  yellow  sulphide. 

Orange-yellow  cadmium  sulphide  is  produced  when  sulphurcttt^i 
hydrogen  is  passed  into  a  nearly  boiling  2  per  cent,  solution  of  the 
chloride  containing  5  per  cent,  of  free  hydrochloric  acid,  the  pre- 
cipitate being  constantly  stirred  throughout  the  precipitation. 

Cadmium    sulphide    is    not    decomposed    by    the    heat  of   the 

*  Haiier,  Dingier ,  vol.  177,  p.  154. 
*■*  Chtmiker  Zdtung,  1893,  No,  82. 
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electric  current.^  Cadmium  oxide  is  reduced  to  metal  by  carbon 
and  carbon  monoxide  in  the  same  way  as  zinc,  the  temperature  of 
reduction  being,  however,  lower  than  in  the  case  of  the  latter  metal. 
As  cadmium  also  volatilises  at  a  lower  temperature  than  zinc,  these 
metals  can  be  separated  in  the  dry  way  without  any  special 
difficulty. 

Cadmium  hydrate  is  soluble  in  ammonia,  but  insoluble  in  excess 
of  the  carbonates  of  potash,  soda  or  ammonia. 

Cadmium  alloys  with  many  of  the  heavy  metals ;  its  alloys  with 
gold,  platinum  and  copper  alone  are  brittle,  those  with  lead  and  tin 
ductile;  its  alloys  with  silver  and  mercury  are  ductile  only  in 
certain  proportions.  Alloys  of  silver,  copper  and  cadmium  which 
vary  in  composition  between  980  parts  of  silver,  15  of  copper,  5  of 
cadmium  and  500  of  silver,  30  of  copper  and  470  of  cadmium, 
are  very  ductile,  as  are  also  alloys  of  the  following  composition  : — 

750  Au  +  166  Ag  +  84  Cd 
750  Au  +  125  Ag  +  125  Cd 
746  Au  +  114  Ag  +  43  Cd  +  97  Cu. 

Zinc  is  rendered  brittle  and  finely  granular  by  a  considerable 
admixture  of  cadmium. 


Sources  of  Cadmium 

Cadmium  occurs  in  nature  as  sulphide,  CdS,  with  776  per  cent. 
.  cadmium,  the  mineral  being  known  as  Greenockite.  It  occurs 
at  Przibram  in  Bohemia  and  at  Neu-Sirka  in  the  Siebenbiirgen 
but  in  such  small  quantities  (the  Prehnite  is  an  amygdaloid  at 
Bishoptown  in  Scotland),  that  it  cannot  be  regarded  as  a  source 
of  cadmium.  The  metallurgical  sources  of  cadmium  are  the  volatile 
bye-products  obtained  in  smelting  cadmium-bearing  zinc  ores.  It 
occurs  in  small  quantity  in  most  zinc  ores,  especially  in  blende  and 
calamine. 

According  to  the  researches  of  Jensch  ^  the  Upper  Silesian  zinc 
ores  never  contain  more  than  03  per  cent,  of  cadmium.  Higher 
contents  than  this  given  in  the  literature  on  the  subject,  appear  only 
to  refer  to  ores  from'  the  upper  deposits.     The  percentage  amounts 

1   Mourlot,  Compt.  rendiut,  1897,  124, 1.,  768. 

5*  Stmmlung  ckem.  und  chemisck-  tech.  Vortrdf/Cy  von  Dr.   Felix  B.  Ahrens,  vol. 
111.  No.  6  p.  201. 
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of  cadmium  in  materials  from  various  sources,  as  determined  over  a 
period  of  10  years  by  Jensch,  are  here  given : — 

Coarse  grains  of  blende  from  the  Samuelsgluck  mine,  Beuthen 
0095  (mean), blende  slimes  from  the  same  place  001 ;  blende  coarse 
concentrates  from  Grosserschacht,  Birkenhain  01 23,  from  the  new 
Victoria  mine,  Karf,  0068,  blende  from  the  jigging  machines  023 : 
blende  slimes  from  the  new  Helene  mine,  Scharley  01 24  to  0150, 
blende  concentrates  0160,  lump  calamine  0*186  ;  blende  concentrates 
from  the  Aufschluss  mine,  Beuthen  0153,  from  the  Newhof  mine 
0172;  blende  from  Maria  mine,  Miechowitz  0*232;  lump  calamine 
from  Kramersgluck  mine,  Beuthen  0*306,  from  the  Karl  Gustav 
mine,  Tarnowitz  0028,  from  the  Medardus  mine,  StoUarzowitz  0090 ; 
mixed  calamine  and  blende  from  the  Samuelsgluck  mine  0194: 
slimes  from  the  new  Helene  mine  0*006;  calamine  from  the 
Karolinewunsch  mine  0009.  The  mean  content  of  cadmium  in 
the  Upper  Silesian  ores  is  given  by  Jensch  as  0*102  per  cent. 

Klieeisen  found  that  the  zinc  blendes  from  the  Upper  Harz, 
which  are  stated  in  the  literature  to  be  rich  in  cadmium,  cont«ain  at 
most  0*01  per  cent,  of  cadmium  ;  a  whole  series  of  grades  of  blende 
was  found  to  be  free  from  cadmium.  The  percentage  of  cadmium 
in  blende  from  the  Hercules  mine,  Schwarzenberg,  Saxony,  was  found 
to  be  on  the  average  0*1,  from  Furstenbrunn,  Schwarzenberg,  0*065, 
from  Carolinenthal,  near  the  same  place,  0*011,  and  from  Breiten- 
brunn,  Johann-Georgenstadt,  002.  A  sample  of  blende  from  Uecker- 
rath,  in  Rhineland,  gave  0*39,  and  the  radiating  blende  from 
Przibram  is  said  to  have  yielded  up  to  1*136.  Belgian  blendes  are 
said  to  have  given  013  to  0*21,  and  those  from  Sterzing,  Tyn)l, 
and  from  Stollersbachthal,  Salzburg,  over  0*2  per  cent. 

Zinc  ores  from  StjTia,  Carinthia  and  Carniola  contain  but 
little  cadmium,  e.g.,  blende  from  Cilli  contained  0*005,  fix)m  Feistritz 
on  Drau  0065 ;  calamine  from  Feistritz  0055  to  0140,  blende  from 
Peggau  0008,  from  Raibl  007,  fi*om  Tarvis  0*022,  from  Feistriu- 
Paterjiion  0008,  from  RUbland  002  to  0*036,  and  from  Notsch 
0009  to  0015. 

Blende  from  the  Hungarian  Erzgebirge  gave,  according  to  Jensch, 
traces  to  0*009  per  cent,  of  cadmium ;  honey-yellow  blende  from 
Felsobanya  001 ;  blende  from  Kapnik  and  Offcnbanya,  Hungar} 
and  from  Rodna,  Siebenbiirgen,  over  0*3.  Black  zinc  blende  fn)m 
Finland  contained  0*46  (Jensch),  blende  from  Wanlockhead,  Scotland, 
and  from  Matlock,  Derbyshire,  over  04. 

Blendes  from  the  Cantabrian  coast,  especially  the  transparent 
varieties  from  Cumillas,  Santander,  contain  over  0*4  per  cent ;  Spanish 
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calamines  are  said  to  have  been  found  with  2  to  5  per  cent.  The 
percentages  in  the  Swedish  blendes  are : — from  the  Borwall  mine, 
Bolande,  0-17  to  040,  from  Schisshyttan  017  to  0-31,  from  Falun 
0 17  to  0-36,  from  Korsnas  0-22  to  0*35,  from  Oerebro,  018  to  037  ; 
ores  exported  from  Gefle  to  Upper  Silesia  Oil  to  0*22,  from  the 
Langfulla  mine,  Sunnansjo  0*075  to  0*082,  from  Nora  0065,  from 
Klippan  008,  and  from  Mariedam  0  047  to  0056. 

Blende    from    Lapland    contained    0008,    and    from    Faaberg, 
Lillehammer,  in  Norway,  001  per  cent. 

Cadmium  has  also  been  found  in  coal,  being  probably  contained 

in  the  pyrites.     Unwashed  coal  from  Schmiederschacht,  Poremba,  in 

Upper  Silesia,  contained  0*008  per  cent,  of  CdO,  washed  coal  0001, 

coal  dust  from  the  Paulus  mine,  Morgenroth,  0004,  and  coal  dust 

.  from  the  WolflFgang  mine,  Ruda,  0*005  of  cadmium  oxide. 

When  zinc  blende  is  roasted,  a  great  part  of  its  cadmium  content 
is  lost  by  volatilisation.  Thus  a  blende  from  Upper  Silesia  contained 
0110  per  cent,  of  cadmium  before  roasting  and  0*042  after.  For  this 
reason  the  flue  dust  from  the  roasting  ftirnaces  always  contains 
cadmium,  the  quantity  varying  from  0*22  to  2*02  per  cent.  (Jensch). 
Of  the  cadmium  in  the  flue  dust,  40  per  cent,  is  in  the  form  of 
sulphate.  The  mud  obtained  in  neutralising  the  sulphur  dioxide  of 
the  waste  gases  from  the  calcining  furnaces  by  lime  contains 
ordinarily  0*1  to  0*2  per  cent,  of  cadmium.  In  smelting  calcined 
calamine  or  roasted  zinc  ores,  the  cadmium  becomes  concentrated  in 
the  jfirst  volatile  products,  the  zinc  fume  or  dust ;  and  these  bodies, 
which  may  contain  up  to  30  per  cent,  of  cadmium  (as  in  the  Belgian 
pousnh'e),  form  the  raw  material  for  the  production  of  cadmium. 
Zinc  itself  often  contains  cadmium. 

Cadmium  is  used  for  the  production  of  easily  fusible  alloys,  of 
amalgam  used  for  stopping  teeth,  of  cadmium  sulphide  which  serves 
as  a  yellow  oil  colour,  of  cadmium  iodide  and  bromide  for  photo- 
Ifraphy,  of  chloride  for  use  in  dyeing  and  cotton  printing,  and  of  the 
sulphate  for  medicinal  purposes.  On  account  of  its  limited  ap- 
plications, and  of  its  low  price  due  thereto,  only  small  quantities  of 

Mmium  are  ever  extracted. 
i 

The  Extraction  of  Cadmium 

Cadmiam  may  be  obtained  by  both  dry  and  wet  methods ;  no 
Ittempts  have  yet  been  made  to  produce  it  electrolytic&Uy. 

It  is,  as  a  rule,  obtained  at  present  in  the  dry  way.     The  methods 
pat  have  been  proposed  for  its  wet  extraction  have  not  as  yet  been 
■Bt  into  practice. 
'   VOL.   U  Y 
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Extraction  in  the  Di^   Way 

The  extraction  of  cadmium  in  the  dry  way  depends  upon  the 
property  of  cadmium  oxide  of  being  reducible  to  metallic  cadmium 
vapour  by  the  action  of  carbon  and  carbon  monoxide,  at  a  temperature 
below  that  at  which  zinc  oxide  is  reducible  to  metal,  and  upon  the 
property  of  metallic  cadmium  of  volatilising  at  a  lower  temperature 
than  metallic  zinc. 

If  a  mixture  of  zinc  and  cadmium  oxide  is  accordingly  exposed  to 
the  action  of  carbon  in  retorts  at  a  comparatively  low  temperature, 
about  redness,  cadmium  is  reduced  first  and  vaporised,  and  can  there- 
fore be  condensed  in  receivers  and  thus  separated  from  the  zinc. 
When  a  mixture  of  zinc  oxide,  zinc,  cadmium  oxide,  and  cadmium, 
with  a  comparatively  low  percentage  of  cadmium,  such  as  forms  the 
usual  material  for  the  extraction  of  cadmium,  is  reduced  by  carbon,  a 
pulverulent  mass  is  obtained  in  the  receiver,  consisting  of  cadmium 
oxide,  cadmium,  zinc  oxide,  and  zinc,  considerably  richer  in  cadmium 
than  was  the  original  mixture.  Cadmium  can  be  extracted  from 
this  mixture  either  direct  or  after  another  further  enrichment  by  a 
repetition  of  the  process  of  distillation. 

The  raw  material  is,  as  already  stated,  obtained  in  the  proce^ 
of  zinc  distillation,  the  easily  reducible  and  volatile  cadmium  mixed 
with  zinc  dust  and  zinc  oxide  being  deposited  in  the  cones  attached 
to  the  adapters  for  the  zinc  distillation,  or  in  the  first  dust  chambers 
connected  with  these. 

The  largest  cadmium  works  in  the  world  are  in  Upper  Silesia, 
where  the  material  used  is  either  the  firU  potissi^e,  that  is  to  say  the 
flue-dust  or  zinc  dust  collected  during  the  first  IJ  or  2  hours  of  the 
distillation  in  the  sheet-iron  cones  attached  to  the  adapters,  and 
which  contains  up  to  6  (less  frequently  up  to  8)  per  cent,  of  cadmium, 
or  the  zinc  dust  deposited  in  the  first  portion  of  the  dust  chambers 
which  form  the  continuation  of  the  Kleeman  and  Daguer  adapters. 
This  dust  contains  12  to  3  per  cent,  of  cadmium.  It  is  mixe<l 
with  a  suitable  proportion  of  coal,  and  is  distilled  at  a  low  red  heat 
in  the  retorts  that  are  used  for  zinc  extraction,  long  sheet-iron  conesj 
being  used  us  adapters ;  cadmium  collects  in  the  latter,  intermixed 
with  cadmium  oxide,  zinc,  and  zinc  oxide.  The  material  so  enriched 
is  mixed  with  charcoal  and  distilled  in  small  cast-iron  or  clay  retorts  ;| 
the  former,  used  at  Lipine,  are  furnished  with  long  conical  sheet-irooj 
adapters.  The  latter  have  no  adapters,  but  are  set  at  an  angle,  sd 
that  the  cadmium  collects  in  the  front  portion,  whence  it  can  be| 
drawn   off   through  a  tap-hole   and  cast   into    moulds.     Cadniiuiii 
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collects  in  the  adapters  of  the  cast-iron  retorts  in  the  solid  state.  It 
is  transferred  to  a  ladle,  covered  with  a  layer  of  the  oxides  cleaned 
out  from  the  retorts,  then  with  a  layer  of  tallow,  and  melted.  After 
fusion  it  is  allowed  to  cool  down  somewhat,  and  is  then  cast  in 
moulds  made  of  paper  rolled  up  so  as  to  produce  rods  weighing  2  to 
3  ounces  each.  The  cadmium  collected  in  the  clay  retorts  is  tapped 
out  into  ladles  and  poured  direct  into  cast-iron  moulds  made  in 
halves,  which  also  produce  it  in  the  form  of  rods. 

The  loss  of  cadmium  in  these  operations  is  very  great,  owing  to 
volatility,  absorption  of  oxide  by  the  muffle  walls,  and  retention  in 
the  residuea  It  amounts  to  65  to  70  per  cent.,  inclusive  of  the 
cadmium  in  the  residues.  The  first  two  causes  of  loss  also,  along 
with  the  absorption  of  cadmium  by  the  adapters,  are  operative 
during  the  distillation  of  the  zinc  ores,  and  account  for  the  disappear- 
ance of  much  of  the  cadmium  content  of  the  ores.  Thus  Jensch  ^ 
found  0052  per  cent,  of  cadmium  in  muffle  fragments  and  0"13  per 
cent,  in  adapter  fragments.  These  are,  however,  treated  again  along 
with  the  zinc  ores.  The  dust  which  collects  on  the  ironwork  of  the 
furnace  was  found  to  contain  0*7  per  cent,  of  cadmium. 

At  Lipine  the  dust-catcher  connected  with  the  Kleeman  adapters, 
in  which  latter  a  good  deal  of  cadmium  is  volatilised,  yields  flue-dust 
containing  at  the  outside  3  per  cent,  of  cadmium.  Dust  containing 
5  to  6  per  cent,  of  cadmium  may  be  obtained  by  using  globular  sheet- 
iron  receivers  attached  to  the  adapters  ;  these  are  taken  oflF  at  the 
expiration  of  1^  to  2  hours,  and  the  dust  that  clings  to  the  sides  is 
shaken  out. 

The  flue-dust  so  obtained  is  next  treated  in  an  ordinary  zinc 
muffle  provided  with  a  taper  conical  sheet-iron  adapter  about  3  feet 
long.  The  charge  for  the  muffle  consists  of  55  lb.  of  flue-dust  and 
44  lb.  of  cinder.  Distillation  takes  about  22  hours,  and  the  working 
about  2  hours.  Flue-dust  is  deposited  on  the  inside  of  the  adapter, 
considerably  enriched  in  cadmium,  but  containing  widely  varying 
gimounts  of  that  metal.  It  is  further  treated  in  cast-iron  retorts, 
2  inches  high  in  the  clear  and  6'7  inches  wide,  the  metal  being 
ibout  1  inch  thick;  these  are  provided  with  a  tapering  conical  sheet- 
ron  adapter,  about  16  inches  in  length.  Cadmium  in  the  form  of 
Irops  and  cadmium  oxide  are  deposited  inside  the  adapter;  this 
nixture  is  transferred  to  a  small  cast-iron  ladle  and  heated  under  a 
ayer  of  tallow,  the  molten  cadmium  being  then  cast  into  rods.  The 
esidues  from  the  muffles  and  retorts  are  returned  to  a  subsequent 
harge. 

»  Op.  cit,,  p.  213. 
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At  the  Paul  Works,  in  Upper  Silesia,  flue-dust  collected  from  the 
flues  connected  with  the  Dagner  adapter  is  used  as  a  source  of 
cadmium.  It  contains  3  to  4  per  cent,  of  cadmium,  and  is  distilled, 
as  at  Lipine,  at  a  red  heat  for  24  hours  in  ordinary  zinc  muffles 
provided  with  a  conical  sheet-iron  adapter.  Flue-dust  with  20  per 
cent,  of  cadmium  is  thus  obtained,  which  is  mixed  with  cinder  and 
distilled  in  a  cylindrical  clay  retort  about  10  inches  in  diameter  and 
4  feet  long,  the  operation  lasting  24  hours.  The  charge  for  a  retort 
is  33  lb.  The  retort  has  no  adapter,  and  inclines  towards  the  front 
of  the  furnace ;  the  cadmium  collects  in  this  portion  of  the  retort, 
and  is  tapped  through  a  small  hole  into  a  ladle  from  which  it  is 
poured  direct  into  moulds.  The  residues  from  the  retorts  are  added 
to  the  charges  for  zinc  distillation. 

At  the  Wilhelmina  Works  zinc  dust  containing  3  to  4  per  cent 
of  cadmium  is  distilled  from  muffles  6  feet  long,  the  charge  consisting 
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of  250  lb.  of  zinc  dust  and  38  lb.  of  coke,  and  the  distillation 
lasts  22  hours.  The  metal  is  separated  from  the  oxide  which 
collects  in  the  adapter,  melted  and  cast  into  sticks,  and  the  dust  i^ 
gathered  together  and  distilled  every  3  days  in  smaller  retorts, 
yielding  thereby  cadmium  with  only  0*5  per  cent,  of  foreign  bodies. 
This  also  is  re-melted  and  cast  into  sticks.  The  distillation  residues  am 
added  to  the  charges  for  zinc  distillation.  The  arrangement  oi  a 
furnace  holding  both  a  large  and  a  small  retort  is  shown  in  Fig.  263| 
where  Q  is  the  large,  Z'  the  small  retort,  X  the  adapter  of  the  large^ 
retort,  and  Y  that  of  the  smaller. 

From  zinc  dust  at  the  Kunigund  Works  containing  3*88  to  4  a 
per  cent,  of  cadmium,  Jensch  ^  obtained  on  the  first  distillation  ai 

'  Ibid. 
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enriched  dust  averaging  52*2  per  cent.,  and  this  on  further  distillation 
gave  dust  containing  94'2  to  99'89  per  cent,  of  cadmium.  The  peld 
of  cadmium  from  the  first  dust  was  estimated  at  31*26  per  cent.,  the 
large  loss  being  attributed  to  the  causes  mentioned  above. 

At  Engis,  in  Belgium/  zinc  dust  averaging  1'5  to  16  per  cent,  of 

cadmium  is  mixed  with  coal  dust  and  treated  in  Belgian  furnaces 

carrying  three  rows  of  small  cast  iron  tubes  with  cast-iron  adapters 

and  sheet-iron  nozzles,  the  product  being  dust  with  6  per  cent,  of 

cadmium.     In    12   hours   2   cwt.  of  dust   is   treated   in   11    tubes, 

yielding  28  to  32  lb.  of  enriched  dust.     The  latter  is  distilled  again 

in  the  same  plant,  producing  metallic  cadmium,  28  to  32  lb.  being 

treated  in  12  hours  in  four  tubes.     The  cadmium  collects  in  the 

adapters,  whence  it  is  drawn  off  at  intervals  of  1  hour,  so  that  it 

shall  be  as  free  from  zinc  and  iron  as  possible.     It  is  then  cast  into 

moulds.     The  residues  from  the  distillation  contain  0*30  per  cent,  of 

cadmium;  of  the  cadmium  contents  of  the  original  dust,  301 2  per 

cent,  is  saved,  21*17   per  cent  is  left  in  the  residues  and  4871  per 

cent,  is  volatilised.     Three  grades  of  cadmium  are  produced ;  the 

purest  kind,  which  is  readily  bent,  amounts  to  about  one-half  of  the 

total ;  the  next  contains  75  per  cent,  of  cadmium  and  can  be  bent 

with  difficulty  but  yet  without  breaking,  whilst  the  poorest  quality 

contains  only  40  per  cent,  of  cadmium  and  is  very  brittle.     Grades 

containing   less   than   995  per  cent,   of  cadmium   are   at  present 

unsaleable,  and  must  be  purified  by  fractional  distillation.     According 

to  R.  Wagner,  a  sample  of  Silesian   cadmium   had   the  following 

composition : — 

Cd 94-86 

Zn 4-96 

Fe 0-23 

Sp.  gr.  8-528  Melting  point  368°  C. 

Cadmium  from  the  Kunigund  Works  gave  in  analysis  * 

Cd 99-80 

Fe 0005 

and  another  sample  from  Upper  Silesia, 

Cd 99-65 

Fe 0-01 

Thallium  was  found  in  some  samples  of  cadmium  by  Crookes. 

'  Stadler,yottrii./.  Pract.  Chem.,  1864,  vol.91,  p.  359  ;  Diwjhr,  vol.  173,  p.  286. 
'^  Jensch,  op,  cit,,  p.  220. 
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Extraction  of  Cadmium  in  the   Wet  Way 

Wet  processes  have  been  proposed  for  extracting  cadmium  both 
from  zinc  fume  and  from  metallic  zinc  containing  cadmium,^  but 
have  not  yet  come  into  use. 

The  older  suggestions  depend  upon  the  fact  that  when  the  above 
substances  are  treated  with  hydrochloric  acid,  zinc  dissolves  before 
cadmium,  whilst  the  latter  metal  can  be  thrown  down  from  its 
solutions  by  the  former.  The  substances  are  to  be  treated  with 
hydrochloric  acid  in  such  quantity  that  a  portion  of  the  zinc  remains 
undissolved  and  can  thus  precipitate  any  cadmium  that  may  have 
gone  into  solution;  any  lead  present  will  also  be  found  in  the  residue; 
even  if  dissolved  it  is  precipitated  by  the  zinc.  The  latter  is  then 
treated  with  hydrochloric  acid  until  a  little  cadmium  has  gone  into 
solution,  thus  showing  that  all  the  zinc  has  been  dissolved  out  The 
cadmium  is  thrown  down  from  the  solution  by  means  of  rods  of  zinc. 
The  mixture  of  lead  and  cadmium  is  then  subjected  to  distillation. 
The  solution  is  to  be  neutralised  with  zinc  fume,  and  the  zinc  thrown 
down  from  it  as  a  hydrate  by  milk  of  lime. 

Another  method  for  obtaining  cadmium  sulphide  or  oxide  has 
been  proposed  by  Kosmann  ^  for  the  flue-dust  of  the  zinc  reduction 
and  blend  calcination  furnaces  in  Upper  Silesia. 

The  flue-dust  from  the  zinc  furnaces,  the  composition  of  which 
has  been  given  on  page  216,  is  to  be  treated  with  neutral  ammo- 
nium carbonate,  which  dissolves  the  zinc,  whilst  the  cadmium  remains 
as  insoluble  carbonate.  The  solution  is  heated,  when  ammonia  and  a 
part  of  the  carbon  dioxide  are  driven  off,  whilst  basic  zinc  carbonate 
is  formed  which  can  be  converted  into  zinc  oxide  by  heating.  The 
residue  is  heated  to  convert  the  carbonate  of  lead  present  into  oxide, 
and  is  then  digested  with  solution  of  lead  acetate,  which  dissolves  the 
oxide  of  lead.  Carbon  dioxide  is  passed  into  the  solution,  precipitat- 
ing the  lead  as  white  lead.  The  residue  that  is  left,  containing 
the  cadmium,  either  as  oxide  or  as  carbonate,  may  be  treated  with 
dilute  sulphuric  acid  to  dissolve  the  cadmium,  which  may  be  thrown 
down  as  sulphide  by  means  of  sulphuretted  hydrogen.  If  cadmium 
oxide  is  to  be  produced,  the  residue  is  treated  with  nitric  acid,  the 
solution  of  cadmium  nitrate  is  evaporated  and  the  salt  heated,  when 
brown  cadmium  oxide  is  left  behind. 

This  process  has  never  come  into  use. 

Flue-dust  obtained  in  calcining  blende  from  Upper  Silesia  als<> 

»  Berg-  nnd  HiUttnm.  Zty.,  1862,  p.  305. 
-  PreuHH.  Miniat.  Zeitschr.,  1883,  p.  238. 
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contains  cadmium ;  it  is  partly  soluble  and  partly  insoluble  in  water. 
The  composition  of  two  samples  from  the  Silesia  and  Godulla  works 
respectively  is  shown  by  the  subjoined  analyses  * : — 

I.  Flue- DUST  from  the  Silesia  Wo&ks. 


ZnO.  . 
PbO.  . 
CdO.  . 
no  .  . 
PeO  .  . 
MdO  . 
Fe,0, 

^\ : 

MgO     . 

4- 

HjO  .  . 
Residue 


Insoluble. 

Insoluble  per  cont. 

7192 

16-809 

6-285 

14-690 

1  147 

2-680 

0-042(Mn,O4) 

0098 

9-043 

21-135 

3115 

7-280 

0-478 

1117 

0-440 

1028 

0-401 

0-937 

0*263 

0-614 

6-612 

15-453 

7-766 


42-786 


99-650 


II.  Flue- DUST  fkom  the  Godulla  Works. 


18-146 


99-997 


ZnO  .  . 
PbO.  . 
CdO.  . 
no  .  . 

FeO. 
MnO     . 
Fe,0,    . 

CaO  .  . 
MgO     . 

¥'' 

Reaidae 


Soluble. 

Insoluble. 

Insoluble  per  cent. 

10-991 

9-532 

15-430 



8-980 

14-486 

1120 

1-518 

2-449 

0-006 

— 

— 

1-676 

— 

— 

0-481 

l-591(Mn,04) 

2-566 

2-940 

15-928 

25-696 

1191 

4-601 

7-423 

0-464 

1-071 

1-640 

1-337 

0-858 

1-065 

— 

1-280 

2  066 

i 

0-394 

0-604 

13-320 

9061 

15101 

4-850 

— 

— 

— 

6-804 

10-976 

38-376 

61-618 

99-502 

99 -{ 

m 

Kosmann  proposes  to  treat  this  flue-dust  first  with  water  and 
then  with  sulphuric  acid :  the  cadmium  is  dissolved  as  sulphate,  in 
>  Berg-  und  HiiiUnm,  Zlg,,  1862,  p  5a5. 


328  METALLURGY 

part  in  the  aqueous  solution,  in  part  by  the  acid.  The  solutions  are 
mixed  and  heated,  to  precitate  iron  and  calcium  sulphate.  The 
solution  is  then  diluted  with  water,  and  the  cadmium  precipitated  as 
sulphide.  Arsenic  is  precipitated  as  sulphide  along  with  it,  and 
is  said  to  improve  its  colour.  If  cadmium  oxide  is  required,  the  j 
sulphide  is  to  be  roasted,  the  arsenic  being  volatilised  as  trioxide  | 
and  condensed.  I 

This  process  also  has  not  come  into  use.  In  experiments  to  | 
obtam  cadmium  in  the  wet  way  from  the  dust,  great  care  must  be  , 
taken  owing  to  the  amount  of  arsenic  present. 

Extraction  of  Cadmium  hy  Electrolytic  Methods 

Borchers^  was  able  to  precipitate  compact  cadmium  from  its  solu- 
tions in  laboratory  experiments,  using  a  current  of  6  to  14  amperes 
per  square  foot ;  it  may  therefore  be  obtained  in  form  fit  for  use 
more  readily  than  zinc. 

Brand  *  also  obtained  favourable  results  in  experiments  on  the 
purification  of  cadmium  contaminated  with  zinc  and  other  metals 
by  electrolytic  methods;  the  tension  in  the  bath  was  low,  and 
the  metal  obtained  quite  pure.  He  used  for  his  anodes  plates 
of  impure  cast  cadmium,  containing  cadmium  887  per  cent,  zinc 
855  per  cent.,  lead  1*45  per  cent.,  copper  1'35  per  cent.,  with  smaller 
amounts  of  antimony,  arsenic,  bismuth,  and  iron  ;  his  electrolyte  was 
a  solution  of  cadmium  sulphate  with  5  per  cent,  of  free  sulphuric 
acid  and  0*8  lb.  cadmium  to  the  gallon.  With  electrodes  2  inches 
apart,  and  a  current  intensity  of  128  amperes,  the  tension  in  the 
bath  was  only  0042  volt,  because  the  solution  of  the  zinc,  which 
remained  in  the  electrolyte,  introduced  a  considerable  amount  of 
electric  energj'  into  the  circuit.  The  tension  increased  to  0*048  volt 
as  soon  as  the  solution  contained,  together  with  5  per  cent,  of 
sulphuric  acid,  0*464  lb.  of  zinc  and  004  lb.  of  cadmium  to  the 
gallon. 

Mylius  and  Fromm  ^  obtained  cadmium  in  compjict  form  by  the 
use  of  current  densities  of  4*6  to  9*25  amperes  per  square  foot. 

^  Elektrometalluryie,  1895,  p.  298,  1903,  p.  451. 
3  Dammer,  Chem.  Technol.,  vol.  ii.,  pp.  33,687. 
•  Zeits^fiir  anorg.  Chemie.,  1898,  13,  157. 
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Physical  Properties 


Mercury  or  quicksilver   is    the  only  metal  fluid  at  ordinary 

temperatures  ;  it  has  a  silver-white  colour  with  a  slight  bluish  tinge, 

and  a  perfect  metallic  lustre.    According  to  Melsens,  it  is  transparent 

in  thin  layers,  showing  a  blue  colour  with  a  somewhat  violet  tinge. 

According  to  Cavendish,  it  solidifies  at   —  Sd'SS""  C. ;   according  to 

Hutchins,  at  -39*44**  C,  and  according  to  Mallet,  at    -38-85°  C. 

It  contracts  upon  solidification,  and  forms  a  white,  very  ductile  and 

malleable  mass,  which  is  readily  cut  with  a  knife.     It  raises  blisters 

on  the  human  skin  on  contact,  just  like  red-hot  metal.     Its  specific 

gravity,  when  fluid,  at   0°   C,   is  135959  according  to   Regnault, 

13*595   according  to   Kopp,  and   13*589    according    to    Biot    and 

Arago.      The   specific  gravity  of   solid    mercury   is   141932.      It 

crystallises  in  the  fonns  of  the  cubical  system.     The  specific  heat  of 

solid  mercury  between  —78°  and  —40°  C.  is  0*0247,  that  of  the  fluid 

metal,  between  0°  and  100°  C,  is  0*0333.     Its  electrical  conductivity 

according  to  Matthiesen  at  22*8°  C.  is  1*63,  silver  at  0°  being  taken 

as  100.     Its  thermal  conductivity  according  to  Calvert  and  Johnson 

is   677,   compared   to  that  of  silver  taken  as  1,000.      Mercury  is 

volatile  to  a  slight  extent  at  ordinary  temperatures,  and  according  to 

Merget  even  below    —44°  C.     This  may  be  proved  by  suspending 

gold  leaf  above  a  vessel  containing  mercury,  when  it  will  become 

coated  at  ordinary  temperatures  with  a  white   layer  of  amalgam. 

The  boiling  point  of  mercury,  according  to  Dulong  and  Petit,  is  360°. 

according  to  Regnault,  357*25°  C. ;  it  is  converted  into  a  colourless 

vapour,  the  density  of  which  is  given  as  between  6*7  and  7*03.     The 

rapidity  with  which  mercury  volatilises  on  boiling  depends  to  a  great 

extent  upon  its  purity.     It  is  mainly  diminished  by  lead  and  zinc, 

and  on  the  contrary  increased  by  platinum.     Millon  showed  that  in 

the  same  time  and  under  otherwise  similar  conditions,  thirteen  times 

as    much    pure  mercury  was    volatilised   as  a    mercury  containing 

^^  i_^^  of  lead.     Platinum  increases  the  rapidity  of  evaporation  if 
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digested  for  one  or  two  days  with  mercury  at  a  temperature  of  50°  i 
80*"  C.  Iridium,  gold,  silver,  copper,  nickel,  cadmium,  and  arsen 
have  no  influence  upon  the  rapidity  of  evaporation. 

At  the  ordinary  temperature  the  cohesion  of  pure  mercury  conside 
ably  surpasses  its  adhesion  to  lighter  bodiea  When,  therefore,  it 
allowed  to  run  over  an  inclined  surface  of  paper  or  glass,  it  fom 
spherical  masses  or  globules.  When  it  is  impure,  it  leaves  a  fih 
upon  the  above-named  surfaces,  and  does  not  run  in  spheric 
globules  but  in  pear-shaped  ones.  When  agitated  with  air,  it  the 
leaves  a  black  powder  ;  by  violent  agitation  of  mercury  with  varioi 
fluids,  as  also-  by  rubbing  it  up  with  certain  bodies  such  as  sugar  ar 
grease,  it  is  converted  into  a  fine  dark  gray  powder.  Vapours  < 
mercury  have  a  most  injurious  eflfect  upon  the  animal  system.  I 
all  operations  in  which  mercury  vapours  are  evolved,  it  is,  therefor 
necessary  to  take  especial  precautions  to  protect  the  persons  engjage 
therein. 


CHEMICAL  PROPERTIES  OF  MERCURY  AND   OF  ITS   COMPOUNDS,  WHIC 
ARE  OF  IMPORTANCE  FOR  THE  EXTRACTION  OF  THE  METAL 

Pure  mercury  is  unchanged  in  dry  air  at  the  ordinary  temperatun 
neither  is  it  affected  by  long-continued  agitation  with  air,  oxyge: 
nitrous  oxide,  nitric  oxide,  or  carbon  dioxide.  Li  damp  air,  howeve 
it  gradually  becomes  coated  with  a  thin  film  of  mercurous  oxid 
(HgaO).  Impure  mercury  becomes  coated  with  a  film  of  oxide  eve 
in  dry  air.  If  mercury  is  heated  for  a  considerable  time  up  i 
350**  C.  in  the  air,  it  oxidises  to  mercuric  oxide  (HgO),  whici 
according  to  Pelouze,  is  crystalline.  This  gradually  decomposes  i 
the  sunlight  into  mercury  and  oxygen.  When  heated  it  is  rapidl 
decomposed,  the  mercury  being  volatilised.  When  again  coole< 
down,  it  is  partly  reconverted  into  mercuric  oxide.  Mercui 
distilled  by  heating  the  latter,  is,  therefore,  rendered  impure  by  oxidi 
and  is  accordingly  somewhat  pasty. 

Mercuric  oxide  produced  in  the  wet  way  by  precipitation  froi 
mercuric  salts  has  a  bright  orange-yellow  colour,  which,  accordii^ 
to  Pelouze,  is  an  amorphous  modification  of  mercuric  oxide. 

Dilute  sulphuric  acid  has  no  action  upon  mercury.  Concentrate 
boiling  sulphuric  acid  dissolves  it  with  the  evolution  of  sulphn 
dioxide.  When  mercury  in  excess  is  present,  the  mercurous  salt  i 
produced  ;  with  excess  of  sulphuric  acid,  on  the  other  hand,  tb 
mercuric  salt  is  formed.  Hydrochloric  acid  does  not  attack  merctirl 
Nitric  acid,  even  when  dilute,  dissolves  mercury,  forming  a  nitrat< 
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the  mercurous  salt  being  formed  in  the  presence  of  an  excess  of 
nercury  and  when  cold  acid  is  employed,  but  the  mercuric 
;alt  when  heated  with  an  excess  of  acid  or  when  strong  acid  is 
used. 

Mercurous  salts,  as  also  mercuric  sulphate  and  nitrate,  are  decom- 
posed by  water  into  soluble  acid  and  insoluble  basic  salts.  Mercurous 
salts  when  heated  decompose,  producing  mercuric  salts  and  metallic 
mercury. 

Aqua  regia  dissolves  mercury  with  comparative  readiness, 
nercuric  chloride  (HgClg)  being  formed.  Chlorine  in  the  gaseous 
condition  or  in  solution  in  water  attacks  mercury  at  ordinary 
tienperatures,  mercurous  chloride  being  formed,  and  gray  pulveru- 
lent mercury  being  produced.  Boiling  mercury  burns  in  chlorine 
fas  with  a  yellowish-red  flame,  forming  mercurous  and  mercuric 
chlorides. 

Mercuric  chloride,  so-called  corrosive  sublimate,  is  prepared  by 
iissolving  mercury  in  aqua  regia,  by  dissolving  mercuric  oxide  in 
hydrochloric  acid,  or  by  the  addition  of  common  salt  to  mercuric 
mlphate.  Mercurous  chloride,  known  as  calomel,  is  produced  by 
creating  mercuric  chloride  with  mercury  or  by  precipitating 
nercurous  salts  by  means  of  hydrochloric  acid.  Both  chlorides  have 
i  white  colour  and  are  volatilised  on  heating,  mercurous  chloride 
subliming  without  previous  fusion.  Mercuric  chloride  is  readily 
loluble  in  water  ;  mercurous  chloride  is  soluble  neither  in  water 
nor  in  dilute  acids. 

Sulphide  of  mercury  (HgS),  the  most  important  compound  of 
nercury  for  the  metallurgist,  occurring  native  as  cinnabar, 
jan  be  produced  as  an  amorphous  black  mass  by  rubbing 
logether  flowers  of  sulphur  and  mercury  and  by  gently  heating  the 
nixture  of  the  two  bodies.  If  this  mass  is  heated  to  its  melting 
joint,  mercuric  sulphide  volatilises,  and  may  be  condensed  in  the 
brm  of  a  brownish  red  crystalline  sublimate.  This  on  grinding 
becomes  scarlet  and  forms  artificial  cinnabar.  When  gently  heated, 
iir  being  excluded,  it  is  readily  reconverted  into  black  amorphous 
mercuric  sulphide,  but  if  heated  more  strongly,  it  again  sublimes  as 
red  sulphide.  Native  cinnabar  begins  to  darken  at  200°  C,  and  to 
rolatilise ;  at  350®  it  volatilises  to  a  very  great  extent,  but  for  its 
jomplete  volatilisation  a  low  red  heat,  500*"  to  600°  C,  is  required. 
With  excess  of  air,  it  bums  at  350°  C.  with  a  blue  flame  of 
sulphur,  forming  sulphur  dioxide,  metallic  mercury  separating  out 
ind  volatilising.  The  red  sulphide  of  mercury  darkens  under  the 
u:;iion   of  light,  and   after  a  considerable   time   it   becomes  black 
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in  consequence  of  the  separation  of  free  mercury.  The  specific 
gravity  of  artificial  cinnabar  is  8124,  according  to  Boullay,  whilst 
the  specific  gravity  of  its  vapour,  according  to  Mitscherlich,  is 
5*51.  It  is,  therefore,  assumed  that  upon  the  volatilisation  of 
sulphide  of  mercury,  partial  dissociation  takes  place.  Mercuric 
sulphide  can  be  produced  in  the  wet  way  by  the  action  of  alkaline 
polysulphides  upon  mercury,  or  by  the  action  of  sulphuretttMl 
hydrogen  or  alkaline  sulphides  upon  solutions  of  mercuric  salts. 
In  these  processes  black  mercuric  sulphide  is  obtained.  If  the 
latter  is  brought  into  contact  with  alkaline  polysulphides  it  passes 
into  red  mercuric  sulphide  slowly  in  the  cold,  but  rapidly  on  heating. 
This  phenomenon,  which  has  been  utilised  for  the  production  of 
artificial  cinnabar  in  the  wet  way,  has  been  explained  by  supposing 
that  black  mercuric  sulphide  dissolves  in  solutions  of  alkaline 
polysulphides,  and  crystallises  out  of  the  solution  in  the  form  of  the 
red  sulphide.  Mercuric  sulphide  is  not  attacked  by  hot  nitric  acid. 
Aqua  regia  dissolves  it  rapidly  with  the  formation  of  sulphuric  acid 
and  the  separation  of  sulphur.  Mercuric  sulphide  forms  doubk 
sulphides  with  the  sulphides  of  the  alkalies.  The  potassium  salt, 
for  instance,  has  the  formula  HgSjK^S  +  xHgO  ;  it  contains  variable 
quantities  of  water  according  to  the  temperature  and  the  concentra- 
tion of  the  solution.  A  portion  of  these  double  sulphides  is  soluble 
in  water  in  the  presence  of  caustic  alkalies,  but  at  a  certain  degrei 
of  dilution  is  decomposed  again  into  its  constituents.  Mercuric 
sulphide  forms  peculiar  double  compounds  with  mercury  and  copj>er 
salts.  For  instance,  by  passing  sulphuretted  hydrogen  into  a 
solution  of  mercuric  chloride,  a  white  deposit  of  the  composition 
2HgS  +  HgCl2  is  first  formed,  which  becomes  yellow  and  finally 
black  under  the  continued  action  of  sulphuretted  hydrogen.  Sul- 
phide of  mercury  is  soluble  in  solutions  of  sodio-cuprous  chloride. 
Mercuric  sulphide  is  soluble  in  bromine.  According  to  Regnault, 
mercuric  sulphide  is  partly  decomposed  by  water  vapour,  sulphurett-ed 
hydrogen  being  formed  and  mercury  separating  out  together  with 
a  black  sublimate.  When  sulphide  of  mercury  is  heated  with  carbon 
it  is  partly  decomposed,  according  to  Berthier,  carbon  bisulphide  bein^ 
formed,  and  mercury  separating  out.  When  heated  with  other 
metals  which  possess  a  greater  affinity  for  sulphur  than  mercury,  fc* 
example  with  iron,  tin,  or  antimony,  the  mercury  is  liberated  in  tht^ 
form  of  vapour,  whilst  the  sulphur  combines  with  the  respective 
metals.  Copper  and  zinc  are  said  by  Heumann  to  decompose 
cinnabar  at  the  boiling  point  of  water,  or  at  ordinary  temperatun'a 
under  pressure.     When  mercuric  sulphide  is  heated  with  lime  th« 
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mercury  separates  out  and  volatilises,  sulphide  and  sulphate  of  calcium 
being  produced,  as  shown  by  the  following  equation  : — 

4HgS  +  4CaO  =  4Hg  +  3CaS  +  CaSO,. 

Alloys  of  Merairt/ 

Mercury  combines  directly  with  most  metals  in  all  proportions, 
forming  amalgams ;  with  gold,  silver,  zinc,  tin,  cadmium,  lead, 
and  bismuth  it  amalgamates  readily;  copper  amalgamates  easily 
when  finely  divided,  but  with  difficulty  in  the  massive  state ;  arsenic, 
aDtimony,  and  platinum  amalgamate  with  difficulty,  iron,  nickel,  and 
wbalt  not  at  all  directly.  The  amalgams  of  the  last  named  three 
metals  can  only  be  produced  indirectly  under  certain  conditions,  for 
example,  by  means  of  electrolysis  when  a  solution  of  a  mercuric 
salt  is  used  for  the  electrolyte  and  one  of  the  above  named 
metals  as  cathode,  or  when  sodium  amalgam  is  brought  in  contact 
with  solutions  of  these  metals,  or  when  the  metals  are  brought  in 
contact  with  solutions  of  mercury.  These  amalgams  are  very 
unstable,  and  decompose  readily,  iron  amalgam,  for  instance,  when 
violently  agitated.  When  mercury  amalgams  are  heated  to  the 
boiling  point  of  mercury,  the  latter  separates  in  the  form  of  vapour, 
whilst  the  respective  metals  are  set  free. 

Ores  of  Mercury 

Mercury  occurs  in  nature  in  but  relatively  few  minerals.  The 
only  ore  of  mercurj'  which  occurs  in  considerable  quantities  in  nature, 
and  which  alone  forms  the  object  of  an  independent  extraction  of 
mercury,  is  cinnabar.  Native  mercury  often  occurs  with  this  ore, 
but  only  in  very  subordinate  quantities.  The  other  true  ores  of 
mercury  are  of  no  importance  for  the  extraction  of  that  metal.  In 
addition  to  the  true  ores  of  mercury,  mercury  occurs  isomorphously 
intermixed  with  other  minerals,  especially  with  fahlores,  and  in  very 
minute  quantities  in  zinc  blendes.  In  the  fahlores,  in  some  localities, 
it  is  contained  in  such  quantity  that  these  are  worth  treating  for 
mercury. 

Native  Mercicry 

This  generally  occurs  in  deposits  of  cinnabar  as  a  decomposition 
product  of  that  mineral,  and,  therefore,  generally  near  the  outcrop 
of  such  deposits.  In  these  it  is  generally  found  in  the  form  of 
small  disseminated  globules  or  in  filiform  masess.     It  is  rare  to  find 
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the  individual  globules  so  large  that  the  mercury  can  be  collected 
from  them.  Considerable  quantities  of  native  mercury  disseminated 
through  serpentine  have  been  found,  for  instance,  at  the  outcrops  of 
various  deposits  of  cinnabar  in  California  (Sonoma  Mine,  Rattlesnake 
Mine,  W«J1  Street  Mine).  It  is  said  to  occur  in  a  decomposed 
granite,  unaccompanied  by  cinnabar,  in  the  neighbourhood  of 
Limoges,  especially  at  MiUinot  near  St.  Ld,  and  also,  accompanied 
by  calomel,  in  the  strata  upon  which  the  town  of  Montpellier  stands. 
It  occurs  alloyed  with  silver  in  the  form  of  native  amalffam,  which 
contains  26'5  to  35  per  cent,  of  mercury,  and  is  looked  upon  as  a 
silver  ore.  This  mineral  has  been  found  at  Moschellandsberg  in  the 
Rhine  Provinces,  at  Rosenau  in  Hungary,  AUemant  in  France,  and 
Argueros  in  the  province  of  Coquimbo  in  Chili. 

Cinnabar  or  Cinnaharite  (HgS) 

This  mineral  contains  86*2  per  cent,  of  mercury,  and  is  the  only 
ore  which  is  regularly  worked  for  mercury,  on  which  account  it 
deserves  fuller  consideration.  It  but  rarely  occurs  in  large  masses, 
but  generally  disseminated  or  intermixed  with  metallic  oxides,  earths, 
bituminous  substances,  or  iron  pjrrites ;  of  the  metallic  minerals,  iron 
pyrites  is  the  most  frequent,  followed  by  arsenical  and  antimonial 
compounds,  and  ores  of  gold,  copper,  and  zinc.  As  regards  its  geo- 
logical distribution,  it  may  be  noticed  that  it  occurs  in  strata  of 
almost  all  ages  from  Archaean  crystalline  schists  to  Quaternary 
deposits.  It  is  also  found  in  deposits  from  eruptive  rocks  and  from 
sulphurous  springs  of  volcanic  origin,  as  also  at  times  in  the  erup- 
tive rocks  themselves.  It  is  still  being  deposited  in  the  fumaroles  ot 
Sulphur  Bank,  near  Clear  Lake,  in  California. 

Cinnabar  is  dimorphous.  In  addition  to  the  red  crystalline 
variety,  there  is  also  a  black  variety  possessing  no  crystalline  structure 
and  having  a  lower  specific  gravity  than  red  cinnabar,  which  is  known 
as  meta-cinnabarite.  Cinnabar  intermixed  with  bituminous  bodies, 
which  give  it  a  dark  red  to  black  colour,  is  known  as  hepatic  cinna- 
bar. Idrialite  is  a  mixture  of  cinnabar  with  idrialine  (CjHj),  occur- 
ring at  Idria.  Coralline  ore  is  a  mixture  of  cinnabar,  bituminous 
matters,  and  about  60  per  cent,  of  calcium  phosphate. 

Cinnabar  occurs  at  relatively  few  places  in  the  world  in  sufHcient 
quantity  to  be  worked  for  the  extraction  of  mercury.  In  Europe 
the  most  important  localities  which  furnish  the  largest  quantities  of 
mercury  are  Almaden,  in  Spain  ;  Idria,  in  Camiola ;  and  Nikitowk.^. 
in  the  South  of  Russia. 
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At  Almaden,  on  the  northern  slopes  of  the  Sierra  Morena  between 
and  Ciudad  Real,  cinnabar  occurs  together  with  native 
mercury  in  an  area  10  miles  long  and  6  miles  broad,  in  Silurian 
and  Devonian  strata,  consisting  of  slates,  quartzites,  sandstones,  and 
small  quantities  of  limestone,  forming  three  almost  vertical  tabular 
deposits  about  600  feet  in  length  and  12  to  25  feet  wide.  In  these 
deposits  it  occurs  both  in  masses  and  disseminated.  The  content  of 
mereuiy  of  the  different  grades  of  ores  vary  from  0*75  up  to  25*05 
per  cent. ;  it  is  said  to  average  8  to  9  per  cent.  These  deposits  were 
known  to  Theophrastus,  as  early  as  300  B.C.,  and  they  are  still  to-day 
the  most  important  mercury  deposits  in  Europe. 

At  Idria,  in  Austria- Hungary,  cinnabar,  hepatic  ore,  and  coralline 
ore  occur  with  native  mercury  in  irregular  deposits  in  Triassic  strata. 
The  deposits  are  partly  of  the  nature  of  a  stockwork,  partly  contact 
veins  between  limestone  and  dolomite,  the  various  grades  of  ore 
containing  from  0*2  to  30  per  cent,  of  mercury,  the  average  of  the 
ores  being  from  0*5  to  0*8  per  cent.  This  deposit  was  known  in  the 
year  1490,  and  is,  after  Almaden,  the  most  important  in  Europe. 

At  Nikitowka,  a  station  on  the  Kursk-CharkoflF-Azov  railway 
line,  in  the  district  of  Bachmut  of  the  government  of  Ekaterinoslav 
in  the  South  of  Russia,  cinnabar  occurs  impregnating  sandstone  strata 
of  carboniferous  age,  having  a  thickness  of  46  feet.  The  average  pro- 
p«)rtion  of  mercury  contained  in  this  important  deposit  is  given  as 
0*6  per  cent  As  is  shown  by  old  exhausted  spoil  heaps,  this  deposit 
has  been  worked  in  ancient  and  as  yet  undetermined  times.  Opera- 
tions were  recommenced  only  in  the  year  1886,  and  at  present  ores 
are  produced  in  such  quantities  that  the  mercury  produced  at  the 
works  attached  to  the  mine  not  only  supplies  the  demands  of  Russia, 
but  is  exported  in  considerable  quantities.  It  may  be  considered  as 
one  of  the  most  important  deposits  of  the  whole  world.  Regarded 
^  a  single  works,  it  is  the  most  important  in  Europe  after  Almaden 
ind  Idria.  At  Vallalta,  near  Agorda,  in  the  north-west  of  the  state 
rf  Venice,  cinnabar  occurs  in  the  form  of  impregnations,  but  the  ores 
ire  relatively  poor.  At  Monte  Amiata,  in  Tuscany,  cinnabar  occurs 
n  Eocene  formations  at  Siele,  Solforate,  Montebuono,  Pian  Castagnio, 
ibbadia  San  Salvadore,  and  in  the  lias  at  Comacchino.*  The 
ieposits  are  considerable,  the  output  of  mercury  at  Monte  Amiata 
Jeing  the  fourth  greatest  in  Europe.     The  ores  are  smelted  at  Siele, 

'  Th.  Hanpt.  Berg-  und  HiUtenm.  Ztg.,  1S84 ;  P.  de  Ferrari,  Die  Quicbnlvtmiinen 
\m  Monte  Amiata^  Florence,  1890 ;  R.  Rosenlecher,  Zeits,  fiir  prdktischt  Oeologie, 
I8W,  p.  337  ;  N.  Novarese,  Jbid.,  1895,  p.  60 ;  V.  Spirek,  Daa  Zinnohererzvorkomm^n 
tm  Monte  Amiate,  ZeiU.  fur  praktische  Oeologie,  1897,  p.  369. 
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Cornacchino,  Montebuono,  and  Abbadia  San  Salvador  in  Spirek  fur- 
naces. The  average  content  of  quicksilver  in  the  ores  treated  is 
0*4  per  cent,  at  Montebuono  and  12  per  cent,  at  Siele.  A  recently 
discovered  (1883)  deposit  of  cinnabar  of  a  certain  importance  is  that 
in  the  Avala  Hills,  near  Belgrade,  in  Servia,  where  mercury  is  also 
extracted.  Cinnabar  is  also  found  at  Spizza  and  Nehaj  in  Dalmatia, 
and  at  Tristyn  in  Croatia.  Deposits  of  mercury  which  were  formerly 
of  importance,  but  are  now  no  longer  worked,  either  on  account  of 
the  competition  of  other  works,  or  on  account  of  the  exhaustion  of 
the  deposits,  are  those  of  Wolfstein  and  Moschellandsberg  in  the 
Bavarian  Palatinate,  of  Horrowitz  in  Bohemia,  of  Vol  terra,  Cerigliani, 
and  Ripa,  near  Serravezza,  in  the  province  of  Lucca  in  Italy. 
Other  deposits  of  subordinate  importance  in  Europe  are  those  of 
Bagno  S.  Filippo,  Saturnia,  Fano,  Monte  delle  Fate,  Causoli,  Castig- 
lione  Chiaverese,  Albareto,  Marguo,  and  San  Donate  di  Ninea  in 
Italy,  Mires,  Santander,  Tobiscon  and  Purchena  in  Spain,  of  Neu- 
marktel  in  the  Santa  Anna  or  Loibel  Valley,  of  Littai  (in  veins  of 
lead  ore)  in  Camiola,  of  Balagna  and  Capo  Corso  in  Corsica,  of  the 
Isfere,  Haute  Vienne,  and  the  Sevennes  in  France,  of  Kongsbergin 
Norway,  and  Sala  in  Sweden. 

In  North  America  the  most  important  deposits  of  cinnabar,  the 
output  from  which  exceeds  that  of  Idria,  and  in  1901  exceeded 
that  from  Almaden,  occur  in  California,  in  a  zone  of  slates  of  the 
Cretaceous  and  Tertiary  period,  consisting  of  talcose,  micaceous,  clay 
and  siliceous  slates,  serpentines,  sandstones,  limestones  and  dolo- 
mites, penetrated  by  numerous  eruptive  outbursts.  This  zone  o< 
slate  is  more  or  less  strongly  impregnated  with  cinnabar  in  various 
places,  at  some  of  which,  especially  where  serpentine  and  sandstom*:^ 
are  in  contact,  the  proportion  of  mercury  is  a  very  high  one,  amount^ 
ing  to  as  much  as  35  per  cent.  The  ore  occurs  both  as  contact 
deposits  and  also  disseminated  in  serpentine  and  in  sandstones.  At 
various  places  the  cinnabar  is  accompanied  by  pyrites  and  bituminous 
substances.  At  others  it  occurs  impregnating  chalcedony,  which  may 
then  contain  as  much  as  3  to  10  per  cent,  of  mercury.  The  deposit 
occur  in  a  district  between'  the  mouth  of  the  Sacramento  and  Cleaii 
Lake  (Sulphur  Bank  and  Redlington),  upon  the  eastern  slope  of  the 
chain  of  hills  extending  from  San  Francisco  towards  the  south-eastj 
known  as  New  Almaden  and  New  Idria,  and  the  coast  district  aboufi 
St.  Louis  Obispo  and  Santa  Barbara.  The  average  yield  of  mercun^ 
was  a  little  less  than  0*6  per  cent,  in  1901.^  The  most  important 
occurrences  are  those  of  New  Almaden,  Santa  Clara  County,  Now 
1  The  Min,  Ind.,  1902,  p.  666. 
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Idria,  San  Benito  County,  and  of  Napa  Consolidated,  Napa  County. 
The  occurrence  of  Sulphur  Bank  to  the  east  of  Clear  Lake  (now 
exhausted)  was  especially  interesting  on  account  of  its  association 
tt'ith  an  old  geyser,  which  is  still  throwing  out  boiling  water  with 
considerable  quantities  of  gypsum,  alkaline  borates,  and  sulphur. 
From  the  sides  of  some  of  the  fissures  in  Sulphur  Bank,  ascending 
vapours  deposited  sulphur,  which  was  sometimes  intimately  mixed 
with  cinnabar.  The  ore  of  Sulphur  Bank,  which  contained  on  an 
average  1*75  per  cent,  of  mercury,  was  intermixed  with  sulphur,  and 
was  first  worked  for  that  substance. 

The  Califomian    cinnabar    deposits   were   known   even   to   the 
Indians,  who  used  the  cinnabar  as  a  paint.     Mercury  was  first  ex- 
tracted by  Castellero  in  1845.     Whilst  the  deposits  of  Almaden  and 
Idria  seem  to  become  ricner  in  depth,  the  more  important  Californian 
deposits,  especially  those  of  New  Almaden,  seem  to  be  approaching 
exhaustion.     The  average  output  of  mercury  from  calcined  Califor- 
nian ores  anaounted  in  1889  to  between  1088  and  2295  per  cent, 
according  to  Randall.^     Cinnabar  has  also  been  found  in  the  States 
of  Texas  and  Oregon,  and  also  in  British  Columbia,  where  it  has 
been  worked  from  time  to  time.     In  Mexico,  cinnabar  is  found  near 
Capula  and  St.  Romualdo  in  the  State  of  Jalisco,  at  Pedemal,  Carro, 
Dulces  Nombres,  Guadalupana,  and  Guadalcazar  in  the  State  of  San 
Luis  de  Potosi,  at  Huitzuco  in  the  State  of  Guerrero,  and  near  Zaca- 
tecas.    Many  of  these  deposits  were  formerly  worked,  but  do  not 
appear  to  be  in  operation  at  present.     The  output  of  quicksilver  in 
Mexico  is  the  second  highest  in  America,  and  exceeds  that  of  Italy. 
In  South  America  a  deposit  of  cinnabar,  which  was  discovered  in 
1566,  and  was  at  one  time  of  great  importance,  occurs  in  Peru  in  the 
district  of  Huancavelica.     The  ore  occurs  in  Jurassic  strata  on  the 
eastern  slope  of  the  Western  Cordilleras,  but  is  no  longer  worked. 
Other  South  American  occurrences  are  those  of  Chonta,  Cajamarca, 
and  Santa  Cruz  in  Peru,  of  the  State  of  Tolima  in  Colombia,  and  at 
Andacallo  in  the  Province  of  Coquimbo  in  Chili,  La  Cruz  and  Santo 
Tomd  in  the  Argentine  Republic,  Paranagra,  Santa  Catherina,  Santo 
Paulo  and  Oro  Preto  in  Brazil. 

In  Asia  the  most  important  occurrence  of  cinnabar  is  in  the 
Province  of  Kweitshow  in  Southern  China.  This  is  a  very  ex- 
tensive deposit,  and  traverses  the  province  from  south-west  to  north- 
east. The  most  important  district  in  which  it  is  extracted  is 
said  to  be  that  of  Kaitshow  in  the  neighbourhood  of  the  capital, 
Kwreiyang.  The  works  were  stopped  in  the  year  1848,  but  have  been 
*  Eng,  Mill,  Joum,f  vol.  1.  p.  2ft5. 
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restarted  recently  by  an  English  company.  Cinnabar  further  occurs 
in  Asia  in  the  Province  of  Hoang  Hai  in  China,  at  Senday  in  Japan, 
at  Ildekansk  in  the  district  of  Nertshinsk  in  Siberia,  in  Borneo, 
Sumatra,  Javq^  and  in  the  neighbourhood  of  Srajn-na. 

In  Africa  cinnabar  has  been  found  in  various  places  in  Algeria 
and  Tunis. 

In  Australia  it  occurs  at  Cudgegong  and  Noggriga  Creek  in 
New  South  Wales,  Kilkivan  in  Queensland,  and  Omaperesee  in  New 
Zealand. 

The  other  ores  of  mercury  are  of  no  importance  for  the  extraction 
of  that  metal.  Amongst  them  may  be  mentioned  onofrite,  a  sulpho- 
selenide  of  mercury,  occurring  at  San  Onofre  in  Mexico ;  coccimte,an 
iodide  of  mercury  from  Mexico ;  horn  mengiry  or  calomel,  a  native 
mercurous  chloride,  from  Moschellandsberg,  Avala,  Idria,  and  Alma- 
den.  Mercurial  fahlore  is  a  fahlore  which  contains  certain  quantities 
of  mercuric  sulphide.  It  may  contain  up  to  18  per  cent,  of  mercury. 
It  occurs  more  especially  in  Hungary,  at  Altwasser,  Rosenau,  Szlana, 
Kotterbach,  Iglo,  and  GoUnitz,  where  it  contains  considerable 
amounts  of  mercury,  which  is  extracted  from  it  as  a  bye-product,  at 
the  Stefans  Works,  near  GoUnitz.  Many  varieties  of  zinc  blende  of 
the  Rhine  Provinces  contain  small  quantities  of  mercuric  sulphide. 

Mercurial  Furnace  Products 

Mercury  is  extracted  not  only  from  its  ores,  but  also  from  ceruiin 
furnace  products  which  are  obtained  in  the  process  of  mercury  ex- 
traction. These  consist  chiefly  of  so-called  soot  or  "  Stupp"  ^  which 
consists  of  a  mixture  of  finely  divided  mercury  with  soot,  cinnabar 
mercuric  oxide,  mercuric  sulphate,  other  sulphates,  quartz,  &c.,  and 
of  the  residues  obtained  in  treating  this  soot.  In  gold  and  silver 
extraction,  amalgams  are  produced  from  which  the  mercury  i^ 
recovered  by  distillation. 

Extraction  of  Mercury 

extraction  of  mercury  from  ores 

The  extraction  of  mercury  from  its  ores  has  up  to  the  present 
been  carried  on  in  the  dry  way  alone.  Wet  methods  have  repeatedly 
been  proposed,  but  have  not  been  able  to  make  any  headway,  and 
there  is  for  the  present  no  likelihood  of  their  being  introduced. 
Neither  has  the  electrolytic  method  of  mercury  extraction  been 
adopted. 

^  Derived  from  the  Sclavonic  word  Stupa,  meaning  dust. 
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The  Extraction  of  Merc^iry  in  the  Dry   Way 

The  only  ore  from  which  mercury  is  extracted  in  practice  is 
cinnabar.  Ores  containing  only  native  mercury  must  be  looked 
upon  as  exceptional ;  the  mercury  may  be  obtained  from  these  by 
a  simple  distillation  either  in  retorts  or  in  shaft  furnaces.  Mercury 
is  extracted  from  mercurial  fahlores  as  an  accessory  product,  when 
these  ores  are  calcined.  As  may  be  gathered  from  the  previously 
given  chemical  reactions  of  mercury,  mercury  may  be  extracted  from 
cinnabar  in  various  ways.  Two  methods  are  used  upon  a  large  scale. 
The  one  depends  upon  the  fact  that  at  a  high  temperature  the  oxygen 
of  the  air  combines  with  the  sulphur  of  mercuric  sulphide,  forming 
sulphur  dioxide,  whilst  the  mercury  is*  set  free  in  accordance  with 
the  equation  : — 

HgS  +  20  =  Hg+S02. 

The  other  depends  upon  heating  the  mercuric  sulphide  with  lime, 
when  the  sulphur  combines  with  the  calcium,  forming  calcium  sul- 
phide and  sulphate,  whilst  the  mercury  is  liberated,  as  shown  by  the 
ibllowing  equation : — 

4HgS + 4CaO  =  4Hg + 3CaS  +  CaSO,. 

Instead  of  lime,  iron  may  be  employed,  as  shown  in  the  following 
reaction : — 

HgS+Fe  =  FeS  +  Hg. 

In  every  case,  the  above  chemical  reactions  take  place  at  tem- 
I)eratures  higher  than  the  boiling  point  of  mercury,  so  that  the  latter 
is  separated  in  the  gaseous  form,  and  has  to  be  condensed.  In  the 
former  method  the  vapours  of  mercury  are  diluted  by  sulphur  dioxide, 
nitrogen,  and  oxygen,  whilst  in  the  latter  case,  where  lime  or  iron  is 
employed,  they  are  in  the  concentrated  condition,  and  are,  therefore, 
more  easily  condensed.  Hence  the  process  of  mercury  extraction 
may  be  looked  upon  as  a  process  of  compound  evaporation  or  distil- 
lation.    According  to  the  above,  we  have  to  distinguish : — 

1.  The  extraction  of  mercury  by  heating  cinnabar  in  air ; 

2.  The  extraction  of  mercury  by  heating  cinnabar  wich  lime  or 
iron,  air  being  excluded. 

As  regards  the  choice  of  the  most  suitable  process,  the  preference 
should,  as  a  general  rule,  both  for  economic  and  for  hygienic  reasons, 
be  given  to  the  extraction  of  mercury  by  heating  cinnabar  in  air, 
rather   than  by  the  employment  of  lime  or  iron.     Heating  cinnabar 
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in  air  is  a  process  that  may  be  carried  out  either  in  shaft  furnaces, 
reverberatory,  or  muffle  furnaces.  When  shaft  and  reverberatory 
furnaces  are  used,  large  quantities  of  ore  can  be  treated  with  a 
comparatively  small  consumption  of  fuel  and  labour;  the  process 
can  also  be  so  arranged  that  the  workmen  are  not  troubled  by  the 
mercurial  vapours.  On  the  other  hand,  the  process  is  open  to  the 
objection  that  the  mercurial  vapours  are  diluted  by  sulphur  dioxide, 
oxygen,  and  nitrogen,  and  in  the  case  of  shaft  and  reverberatory 
furnaces,  also  by  the  products  of  combustion,  and  that  the  complete 
condensation  of  the  mercury  is,  therefore,  rather  difficult,  consequent 
losses  of  metal  through  incomplete  condensation  being  accordingly 
unavoidable.  The  extraction  of  mercury  by  heating  cinnabar  with  lime 
or  iron  must  be  performed  in  retorts.  Concentrated  mercurial  vapours, 
which  can  readily  be  condensed,  are  thus  obtained  ;  but  the  process  is; 
open  to  the  objection  that  the  ores  must  first  be  crushed,  that  only 
small  quantities  can  be  treated,  that  the  retorts  last  for  only  a 
comparatively  short  time,  that  the  operation  is  attended  with  high 
costs  for  fuel  and  labour,  and  that  the  workmen  are  affected  by  tht- 
mercurial  fumes  when  the  retorts  are  emptied  out.  Although  the 
output  of  mercury  is  somewhat  higher  than  in  the  first-named 
process,  it  is  nevertheless  inferior  to  it  on  account  of  the  high  work- 
ing costs,  so  that  it  is  absolutely  unsuitable  for  poor  ores.  The  chief 
objection,  that  the  workmen  are  attacked  by  the  mercurial  vapoure, 
is  of  such  paramount  importance  that  the  process  should  really  not 
be  carried  on  at  all.  It  has,  therefore,  been  given  up  at  the  majority 
of  works,  and  has  been  replaced  by  the  first-named  process  ;  it<?  use 
can  only  be  justified  for  the  treatment  of  small  quantities  of  on^ 
containing  a  very  high  percentage  of  mercury. 

EXTRACTION  OF  MERCURY  BY  HEATING  CINNABAR  IN  AIR 

This  process  must  be  regarded  as  a  distillation  process,  although 
it  might  be  looked  upon  as  oxidising  roasting,  and,  therefore,  a  process 
of  combustion,  if  the  metal  to  be  extracted  by  it  were  not  at  the 
same  time  volatilised.  It  consists  in  heating  cinnabar  with  an  excess 
of  air  to  such  a  high  temperature  that  the  affinity  of  the  oxygen  of 
the  air  for  the  sulphur  of  the  mercuric  sulphide  becomes  active, 
when  the  sulphur  is  oxidised  to  sulphur  dioxide,  the  mercury  separ- 
ating out  in  the  metallic  form.  A  portion  of  the  sulphur  dioxide  is 
converted  into  trioxide  by  contact  action.  The  cinnabar  is  best 
heated  to  the  requisite  temperature,  as  will  be  shown  presently,  in 
shaft  or  reverberatory  furnaces,  the  mercurial  vapour  being,  therefore.! 
diluted  with  various  gaseous  products,  from  which  mixture  it  has  to' 


MERCURY  341 

be  separated,  the  difficulty  being  increased  by  the  high  temperature 
of  the  gases.    As  has  been  seen  in  the  extraction  of  zinc,  a  metal 
which  is  also  obtained  by  a  distillation  process,  the  condensation  of 
the  zinc  vapours,  which  are  also  diluted  by  other  gases,  forms  the 
most  difficult  portion  of  the  extraction.      At  a  definite  degree  of 
dilution  the  zinc  can  no  longer  be  obtained  at  all  in  the  liquid  state, 
but   separates   out   in   the   pulverulent   condition,   a   considerable 
quantity  of  which  afterwards  remains  in  the  g^es  escaping  from  the 
condensers.     The  same  occurs  in  the  extraction  of  mercury,  in  which 
the  condensation  of  the  metal  forms  the  most  difficult  portion  of  the 
process,  in  consequence  of  the  dilution  of  its  vapours  by  the  above- 
named  gases,  of  the  high  temperature  to  which  the  metal  has  been 
heated,  and  of  the  rapidity  with  which  the  current  of  gas  has  to  pass 
through  the  condensing  appliances.     Nevertheless,  the  condensation 
of  mercury  vapours  is  more  easily  effected  than  that  of  zinc  vapours, 
because  the  latter,  owing  to  the  low  solidifying  point  of  mercury 
( ~39''C.),  cannot  separate  out  in  the  form  of  dust,  but,  when  sufficiently 
cooled,  necessarily  forms  a  liquid,  and  because  mercury  can  be  pre- 
cipitated without  great  difficulty,  on  account  of  its  high  specific 
gravity,  even  from  gases  in  which  it  occurs  in  a  high  state  of  dilution. 
It  is,  however,  unavoidable  that  comparatively  small  quantities  of 
mercury — a  metal  that  is  volatile  at  very  low  temperatures — should 
escape  without  being  condensed*     Even  under  the  best  conditions 
of  working,  the  conversion  of  some  mercury  into  "  Stupp  "  (mercurial 
tooQ  is  unavoidable.     Thus  at  the  works  at  Monte  Amiata  only  20 
to  30  per  cent,  of  the  mercury  is  got  in  the  form  of  the  metal — the 
rest  is  converted  into  "  Stupp"     The  soot,  which  consists  of  a  mixture 
of  finely  divided  mercury,  mercurial  compounds,  and  sooty  products 
of  the  dry  distillation  of  the  fuel  and  the  bituminous  constituents  of 
the  ores,  together  with  its  other  mineral  constituents,  forms  a  deposit 
in  the  condensers.     It  contains  up  to  80  per  cent,  of  mercury.     Its 
formation  is  due,  according  to  Patera,  to  the  sulphates,  formed  when 
cinnabar  is  heated,  and  the  chlorides,  which  were  either  contained  in 
the  ores  or  produced  by  the  chlorides  present  in  the  ash,  together 
with  soot,  tar,  and  ammonia  derived  from  organic  matters,  which 
substances  envelop  the  particles  of  mercury  as  they  condense,  and 
prevent  them  from  uniting.     The  greater  portion  of  the  mercury  is 
recovered  from  the  soot  by  processes  to  be  described  later  on.     The 
formation  of  large  quantities  of  soot  is  a  disadvantage  in  some  ways, 
but,  on  the  other  hand,  it  lessens  loss  of  mercury  by  enveloping  even 
the  most  finely  divided  portions  of  the  metal;  and  even  though  it 
escapes  through  the  condensers,  it  is  caught  in  the  flue-dust  chambers. 
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Apart  from  the  above-named  objections,  the  extraction  of  mercury  bv 
heating  cinnabar  in  the  air  forms  one  of  the  most  difficult  of  metal- 
lurgical processes,  requiring  to  be  conducted  with  the  greatest  care, 
because  considerable  losses  of  metal  are  necessarily  incurred,  whilst 
diseases  of  the  workmen  engaged,  due  to  mercurial  poisoning,  are 
practically  unavoidable.  Other  difficulties  are  the  penetration  of 
the  mercurial  vapours  into  the  brickwork  of  the  furnace  and  con- 
densers; the  amount  of  mercury  that  remains  in  the  distillation 
residues  unless  the  utmost  care  is  exercised  ;  the  comparatively  sniall 
proportion  of  mercury  in  the  ores  that  have  to  be  treated ;  the  acid 
character  of  the  condensed  water,  owing  to  the  sulphur  dioxide  and 
sulphur  trioxide  in  the  gases  carrying  the  mercury,  and  its  action 
upon  the  mercury,  as  also  upon  the  metal  of  which  the  condensenj 
are  constructed ;  together  with  the  further  circumstances  that 
mercury  forms  amalgams  with  such  metals  as  are  little  or  nut; 
at  all  affected  by  acid  waters,  and  which  would,  therefore,  other- 
wise be  suitable  for  the  construction  of  condensers,  and  the  fact  that 
the  vapours  must  be  extmcted  from  the  furnaces  and  condensers  bv 
means  of  fans  in  order  to  protect  the  workmen  as  far  as  possible. 
The  losses  of  mercury,  which  formerly  amounted  to  50  per  cent.,  and 
even  more  at  some  works,  have  recently,  by  a  suitable  construction  of 
furnace  and  care  in  conducting  the  process,  by  lining  the  walls  and 
floors  of  the  condensers,  and  by  suitably  constructing  the  latter,  and 
by  proper  regulation  of  the  gaseous  current,  been  reduced  to  5  to  8  per 
cent,  and  even  less  of  the  mercury  present  in  the  ores.  Considering 
the  small  proportion  of  mercury  present  in  the  ores  (up  to  0*3  fxr 
cent.),  the  unavoidable  retention  of  small  quantities  of  mercun'  in 
the  residues  of  the  latter,  the  unavoidable  formation  of  soot,  the 
action  of  acid  waters  upon  the  mercury,  and  the  volatility  of  mercurv 
at  ordinary  temperatures,  the  process  of  the  extraction  of  mercury  in 
its  present  stage  of  development  must  be  looked  upon  as  having  been 
very  well  worked  out  when  the  loss  is  only  from  5  to  8  per  cent,  and 
it  no  longer  deserves  to  be  considered  as  an  imperfect  or  crude  pn>- 
cess  as  compared  with  other  metallurgical  operations.  As  regani? 
mercurial  poisoning,  attempts  have  been  made  to  protect  workmen  bv 
the  employment  of  suitably  arranged  fans  in  front  of  the  condensers, 
so  as  to  draw  off  all  the  gases  which  formerly  escaped  from  the  fumace> 
and  condensers,  and  by  carrying  all  the  gases  evolved  into  stacks, 
whereby  a  very  marked  diminution  of  mercurial  poisoning  has  bien 
attained.  As,  however,  mercury  is  volatile  even  at  ordinan^  tem- 
peratures, its  vapour  rising,  according  to  Brame,  up  to  the  height  <•: 
about  8  feet  at  IS''  C,  it  will  probably  never  be  possible  to  avoid 


MERCURY  343 

altogether  the  inhalation  of  small  quantities  of  mercury,  which  are 
thus  conveyed  to  the  blood  through  the  lungs.  Mercury  vapours 
produce  disturbances  of  the  nervous  system,  the  digestion,  the  motor 
functions,  and  of  the  lungs,  disease  of  the  teeth,  poverty  of  blood, 
scurvy  and  scrofula.  When  breathed  in  larger  quantities,  their 
effect  is  fatal.  Among  the  prophylactic  measures  that  have  been 
recommended  against  mercurial  poisoning  are  the  following: — Clean- 
liness, open  air,  acid  foods,  and  moderation  in  the  use  of  alcohol. 
Melsens^  recommends  the  employment  of  potassium  iodide.  This 
is  said  to  render  the  insoluble  mercurial  compounds  that  have  been 
taken  into  the  system  soluble,  and  cause  their  separation  in  the 
urine. 

The  plant  in  which  the  above  process  is  carried  out  consists  of 
various  distillation  appliances  with  condensing  attachments.  Dis- 
tillation appliances  may  be  heaps,  stalls,  reverberatory  furnaces 
shaft  furnaces,  and  muffle  furnaces.  Distillation  in  covered  heaps 
with  alternate  layers  of  fuel  and  ore,  and  the  collection  of  the 
mercury  in  the  upper  layers  and  in  the  cover  of  the  heap,  a  process 
u'hich  was  for  instance  carried  out  a  long  while  ago  at  Idna,^  is  a 
most  imperfect  process,  owing  to  the  volatilisation  of  mercury,  to  the 
retention  of  a  comparatively  large  proportion  of  the  metal  in  the 
ores,  and  to  the  penetration  of  the  metal  into  the  ground.  At 
present  it  only  possesses  historical  interest.  For  the  same  reasons, 
stalls  are  unsuitable  for  the  extraction  of  mercury.  They  are  used 
exceptionally  in  the  calcination  of  mercurial  fahlores  for  the  extrac- 
tion of  copper  and  silver.  In  this  process  the  mercury  is  condensed 
as  a  bye-product  in  the  upper  layers  of  minerals,  and  is  obtained  by 
washing  the  latter.  At  the  Stephans  Works  in  Upper  Hungary, 
mercurial  fahlores  are  calcined  in  circular  stalls,  in  heaps  of  50  tons 
upon  a  bed  of  wood  with  a  layer  of  charcoal  above  it.  The  calcination 
lasts  four  weeks.  The  mercury,  extracted  by  washing  the  upper 
layers  of  ore,  is  purified  by  distillation.^ 

Shaft  and  reverberatory  furnaces  are  used  both  for  lump  ore  and 
for  small  ore.  Externally  fired  shaft  furnaces  for  lump  ore  consist  of 
an  empty  shaft,  whilst  for  small  ores  the  shaft  is  fitted  with  inclined 
slabs  or  plates.  Formerly  all  of  these  furnaces  used  for  lump  ore 
were  worked  intermittently.  At  present,  at  most  works,  inter- 
mittently worked  shaft  furnaces  of  this  type,  in  which  small  ores, 
properly  agglomerated,  can  also  be  treated,  have  been  replaced  by 
the  much  more  economical  continuous-acting  furnaces.     As  a  rule 

^  Berg-  und  ffiUUnm.  Ztg.,  1877,  p.  236. 

^  Mitter,  Vortrag  au/dem  BergmannHag  zu  Klagevfurt,  1893. 
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externally  fired  shaft  furnaces,  working  continuously,  should  be  used 
for  smalls  that  do  not  form  dust  Under  certain  circumstances,  as 
when  the  cinnabar  permeates  the  whole  mass  of  the  ore,  and  when 
the  ore  readily  decrepitates,  lump  ore  is  pulverised  to  some  extent 
and  treated  as  small  ore.  Externally  fired  shaft  furnaces  would  be 
used  for  lump  ores  if  cheap  uncarbonised  fuels  are  available,  whilst 
pure  carbonised  fuel,  e.^.,  charcoal,  is  dear.  When  cheap  carbonised 
fuels  are  obtainable,  the  shaft  furnace  proper,  in  which  the  fuel  is  in 
direct  contact  with  the  substances  to  be  heated,  would  be  preferred 
to  the  continuous  working  shaft  furnace  externally  tired,  on  account 
of  the  smaller  formation  of  soot.  Reverberatory  furnaces,  which  were 
frequently  employed,  are  inferior  economically  to  externally  fired 
shaft  furnaces,  as  they  require  both  more  fuel  and  more  labour  than 
the  latter.  They  arc  therefore  only  employed  in  those  cases  in  which 
the  shaft  furnaces  are  not  suitable,  viz.,  in  the  case  of  small  ore  which 
forms  much  dust,  of  certain  varieties  of  soot,  and  of  lump  ores  that 
decrepitate  in  the  shaft  furnace. 

Shaft  furnaces  proper,  in  which  the  ores  are  charged  together  with 
charcoal,  have  been  in  use  for  some  time  (Hahner  furnace),  but  have 
recently  i-eceived  important  improvements  (Novak  and  Spirek 
furnaces),  and  have,  for  example  at  Idria,  replaced  the  modem  externally 
fired  furnaces  for  lump  ores.  In  their  construction  they  do  not  difler 
essentially  from  the  externally  fired  shaft  furnaces  for  lump  ores,  and 
are  to  be  recommended  on  account  of  the  small  production  of  soot  in 
those  cases  in  which  lump  ores  and  cheap  carbonised  fuels,  such  a^j 
charcoal,  are  obtainable.  These  carbonised  fuels  form  no  soot, 
whereby  the  formation  of  mercurial  soot  ("  Slupp  ")  is  lessened.  Muffle 
furnaces  were  largely  employed  at  one  time,  but  have  now  been 
replaced  at  most  works  by  reverberatory  and  shaft  fumacea  The 
muffles  were  at  first  made  of  clay,  but  later  iron  has  been  used  with 
advantage.  These  furnaces  present  the  advantage  that  the  mercurial 
vapours  are  not  diluted  by  the  products  of  combustion  of  the  fuel,  as 
occurs  in  the  case  of  reverberatory  and  shaft  furnaces,  nor  are  they 
overheated,  so  that  they  can  be  readily  condensed  and  therefore 
require  less  extensive  condensing  appliances.  The  extraction  of 
mercury  when  the  process  is  properly  carried  out  is  also  somewhat 
higher  in  consequence  of  the  diminished  production  of  soot  On  the 
other  hand,  these  furnaces  are  liable  to  the  objection  of  higher 
labour  costs  and  of  a  high  consumption  of  fuel,  as  also  to  the  very 
serious  objection  that  the  workmen  suffer  more  from  mercurj 
vapours  than  in  the  case  of  reverberatory  and  shaft  furnaces.  As, 
therefore,   they  are  at  least  equalled  in   economic  respect  by  the 
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modem  furnaces  of  the  latter  type,  even  when  not  surpassed  by 
them,  they  have  disappeared  from  most  works,  and,  on  account  of 
the  above  reasons,  their  use  should  be  discouraged. 

Condensing  Appliances 

These  ought  to  be  manufactured  of  a  substance  which  does  not  take 
up  mercurial  vapours,  is  a  good  conductor  of  heat,  is  capable  of  being 
moulded  into  the  required  shapes,  and  is  able  to  resist  the  action  of 
acid  vapours  and  liquors,  as  also  of  the  mercury  itself.     No  one  has 
as  yet,  however,  succeeded  in  discovering  a  material  answering  to  all 
these  requirements.     Of  the  substances  used  up  to  the  present  iron 
is  the  easiest  to  mould  and  the  best  conductor  of  heat,  but  docs  not 
resist  the  action  of  acid  vapours  for  any  length  of  time.      Brickwork 
absorbs  mercurial  vapours,  is  a  bad  conductor  of  heat,  and  is  attacked 
by  acid  liquors.      Wood  has  sufficient  resisting  properties,  but  is  a 
bad  conductor  of  heat.     Glass  has  not  been  found  applicable  by  itself, 
but  only  in  combination  with  wood.     The  most  suitable  material  up 
to  the  present  has  been  found  to  be  stoneware.     This  is  capable  of 
resisting  mercury  and  acids,  and  may  be  had  so  thin  that  its  low 
conductivity  for  heat  need  not  be  taken  into  account.     Stoneware  is 
used  in  the  form  of  pipes.     In  addition  to  stoneware,  all  the  above- 
named  substances  are  used,  as  also  are  vessels  of  burnt  and  glazed 
clay.     Iron  is  protected  by  a  coating  of  cement  against  the  action  of 
acid  vapours  and  waters.     The   form  which   condensers  assume   is 
either    that    of   a    series    of   tubes    or  of  chambers.      Clay   and 
stoneware    are    used    in    the    former    shape,    iron    and    wood   in 
both    forms,  brickwork   and  glass  in   the   form   of  chambers.     In 
many  cases  condensation  in  tubes  is  combined  with  condensation  in 
chambers.      The  diameter  of  the   tubes  and    the    dimensions    of 
the  chambers  must  be  confined  within  definite  limits,  as  tubes  which 
are  too  small  interfere  with  the  draught,  whilst  chambers  which  are 
U}o  large  have  but  little  cooling  effect  upon  the  inner  portion  of  the 
current   of  gases  traversing  them.      By  a  suitable  combination  of 
tubes  and  chambers,  or  by  chambers  of  different  material,  as  also  by 
means  of  brick  chambers  cooled  by  cast-iron  boxes,  through  which 
water  circulates,  the  losses  of  mercury  by  imperfect  condensation 
have  recently  been  brought  down  to  a  very  small  amount.     The 
condensers  of  Czermak,  to  be  described  later,  combined  with  flues  or 
chambers  of  wood,  have  proved  most  suitable.     The  condenser  is 
made  of  iron,  lined  with  some  suitable  material  to  enable  it  to  with- 
stand the  action  of  acid  water  and  vapours.     Mitter  has  introduced 
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stoneware  in  the  construction  of  these  condensers.  A  good  draught 
in  the  furnaces  and  condensers,  which  is  quite  indispensable,  may 
be  obtained  either  by  means  of  powerful  stacks  heated  by  separate 
fireplaces,  or  else  by  exhausting  machinery  of  various  kinds,  such  as 
water  blast,  Cagniardelle's  blowers,  or  fans.  The  draught  must  be  such 
that  the  pressure  of  the  current  of  gas  in  the  furnace  and  condensers 
must  be  brought  down  below  the  pressure  of  the  atmosphere,  so  as 
to  prevent  the  mercurial  vapours  escaping  from  the  apparatus.  In 
ordinary  working  the  pressure  of  the  gases  issuing  from  the  furnace 
into  the  condenser  is  less  than  atmospheric  pressure  by  an  amount 
equivalent  to  4  inches  of  water.  Draught  produced  by  stacks  heated 
by  separate  fireplaces  was  formerly  employed,  but  has  now  been 
given  up  in  favour  of  fan  suction,  owing  to  the  uneven  action  of  the 
former  and  the  imperfect  condensation  of  the  vapours  and  consequent 
injury  to  the  workmen  which  that  method  entails. 

Mercury  is  transported  in  flasks  of  wrought-iron  closed  by  a  screw 
stopper.  The  weight  of  mercury  in  a  full  bottle  amounts  in  Idria 
and  Almaden  to  76  lb.,  in  California  to  76*5  lb.  In  the  smaller 
European  works  mercury  is  shipped,  as  was  formerly  done  also  at 
Idria,  in  bags  of  sheepskin  containing  55  lb. 

The  various  distillation  furnaces  and  the  condensing  appliances 
connected  with  them,  the  mode  of  conducting  the  process,  and  the 
economic  results  obtained,  will  now  be  considered  in  detail.  For  the 
sake  of  maintaining  the  proper  sequence  it  is  advisable  to  consider 
first  the  extraction  of  mercury  in  externally  fired  fiimaces  ("jRaw- 
mofen  "),  shaft  or  reverberatory,  then  in  shaft  furnaces  proper,  and 
finally  in  muffle  furnaces. 


The  Extraction  of  Mercif.ry  in  Externally  Fired  Furnaces 

Externally  fired  furnaces  may  be  divided  into  those  with  a  shaft- 
like laboratory  chamber,  so-called  externally  fired  shaft  furnaces,  and 
reverberatory  furnaces  with  a  horizontally  placed  laboratK)ry  chamWr. 
or  true  reverberatory  furnaces.  Externally  fired  shaft  furnaces  are 
generally  used  for  the  extraction  of  mercury,  being  employed  for  lump 
ores  wherever  raw  fuels  are  cheap  and  carbonised  fuels  dear,  and  for 
small  ore  whenever  it  does  not  form  too  much  dust.  Reverberator} 
furnaces  are  used  only  for  those  ores  which  are  not  suitable  for  treat- 
ment in  shaft  furnaces,  either  on  account  of  the  large  amount  of  dust 
in  the  case  of  small  ore,  or  on  account  of  their  ready  decrepitation  in 
the  case  of  lump  ores. 
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Extraction  of  Mercury  in  Externally  Fired  Shaft  Furnaces 

These  may  be  divided  into  furnaces  working  intermittently  and 
furnaces  working  continuously.  The  former  kind  are  still  in  use,  but 
are  far  inferior  to  the  latter  as  regards  their  economic  results.  In 
future,  therefore,  continuous  working  furnaces  should  as  a  rule  be 
employed. 

EMraciian  of  Mercury  in  Shaft  Frirnaces  Working  Intermittently 

These  furnaces  were  formerly  in  use  at  Idria  and  at  the 
Kedington  Works  in  California,  but  have  been  given  up  on  account 
of  their  expense.  They  are  still  used  upon  a  large  scale  at  Almaden, 
in  Spain.  At  New  Almaden,  in  California,  they  were  used  for  a  con- 
siderable period,  but  have  now  been  given  up.  These  furnaces  can 
only  be  employed  for  ore  fines,  when  these  are  charged  in  shallow 
vessels  known  as  easettes,  or  when  they  have  been  agglomerated  into 
bricks.  The  furnaces  consist  of  shafts  fired  either  internally  or 
laterally.  The  condensing  plant  consists  either  of  a  series  of  flask- 
shaped  clay  pipes  or  of  brick  chambers.  The  fuel  used  must  be 
uncarbonised,  such  as  brushwood,  wood,  or  coal.  The  draught  is 
produced  by  stacks,  or  better  still  by  fans.  The  whole  amount  of 
ore  to  be  treated  is  charged  at  one  time  into  the  furnace,  and  is 
heated  by  firing  up  until  it  continues  to  burn  by  itself  owing  to  the 
heat  developed  by  the  oxidation  of  the  sulphur  in  the  cinnabar; 
after  the  fire  has  burnt  out  the  furnace  is  left  for  some  time  to  cool, 
when  the  distillation  residues  are  removed  and  a  new  charge  intro- 
duced. 

Furnaces  Fired  Internally 

According  to  the  system  of  condensers  connected  with  these 
furnaces,  they  are  distinguished  into  so-called  Bustamente  furnaces, 
the  condensing  appliances  of  which  consist  of  a  series  of  flask- 
shaped  clay  pipes,  known  as  aludels,  followed  by  chambers,  and  so- 
called  Idrian  furnaces,  the  condensers  of  which  consist  of  a  series  of 
brick  chambers.  The  furnaces  are  20  to  30  feet  in  height,  and 
circular  or  square  in  section,  the  diameter  of  the  former  being 
from  4  feet  3  inches  to  6  feet  6  inches,  and  the  side  of  the  latter  10 
feet.  In  the  interior  of  the  furnace  there  is  a  perforated  arch 
which  separates  the  fire-space  from  the  distillation  chamber  above 
the  arch.  In  order  to  diminish  the  pressure  of  the  column  of  ore 
upon  the  side  walls  of  the  furnace,  or  in  order  to  be  able  to  place 
trays  with  ore  fines  conveniently  in  the  furnace,  perforated  arches 
have  also  been  introduced  in  the  distillation  chamber  of  the  ftimace. 
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Tlie  Budamente  Furnace  or  Aludel  Furnace  ^ 

This  furnace  was  designed  in  the  year  1633  by  a  medical  man, 
Lopez  Saavedra  Barba,  in  Huancavelica,  in  Peru,  and  introduced  in 
the  year  1646  into  Ahnaden,  in  Spain,  by  Bustamente,  whose  name  it 
bears.  In  the  latter  place  it  has  maintained  itself  up  to  the  present 
in  spite  of  many  attacks.  There  are  at  Almaden  22  Bustamente 
furnaces,  which  furnish  by  far  the  greater  portion  of  the  mercun' 
production  of  that  place.     In  the  middle  of  the  eighteenth  centiin', 


Fio.  264. 


this  furnace  was  introduced  into  Idria  by  Poll.  Here,  however,  the 
aludels  were  soon  replaced  by  brick  chambers,  whereby  the  Busta- 
mente furnace  was  converted  into  an  Idrian  furnace. 

The  construction  of  the  Bustamente  furnace,  together  with  the 
condensing  appliances  used  at  Almaden,  is  shown  in  Figs.  264  and 
265.  A  pair  of  these  furnaces  is  united  to  form  a  block.  S  is  the 
cylindrical  shaft,  20  to  26  feet  high,  the  diameter  of  which  for  the 

*  Ku8S,  Mines  el  Usine.H  (T Almaden  ;  Annates  den  Mines,  1878;  ^at  curtutl  dt 
V  Usine  d^ Almaden^  Ann.  des.  Min.  1877  ;  Escosura,  Historia  del  Traiamienio  Mtta- 
lurgico  del  Azogiie  en  Espana,  Madrid,  1878  ;  Gandolfi,  Les  Mines  et  Usinesd^Almadt%, 
Ren.  Univ,  des  Mines  et  de  la  MetalL,  1889. 


MERCURY  349 

smaller  furnaces  amounts  to  4  feet  3  inches,  and  for  the  larger  to  6 
feet  6  inches.  -^  is  a  perforated  brick  arch,  beneath  which  lies  the  fire- 
place F\  above  it  is  the  distillation  chamber.  The  upper  part  of 
the  furnace  is  closed  by  a  hemispherical  arch,  in  which  there  is  a 
charging  door,  e.  The  ores  are  first  charged  by  means  of  the 
opening  0,  in  the  side  wall  of  the  furnace,  which  is  bricked  up 
before  the  commencement  of  the  operation,  and  later  on  through  the 
above-named  charging  door  e,  which  is  closed  by  a  cover,  luted  with 
moist  ashes.  H  is  the  fire  door  through  which  the  air  required  for 
oxidation  also  enters.  tT"  is  a  stack  to  carry  off  any  products  of 
combustion  that  do  not  ascend  through  the  furnace  ;  the  greater 
part  of  these,  however,  ascend  through  openings  in  the  brick  arch  and 
penetrate,  together  with  an  excess  of  air,  through  the  column  of  ore 
lying  upon  the  arch.  The  products  of  combustion,  together  with  the 
mercurial  vapours  and  sulphur  acids  evolved  in  the  distillation 
chamber,  pass  through  six  openings,  K,  in  the  upper  portion  of  the 
shaft,  each  of  which  is  12  inches  high  and  4  inches  broad,  into  the 
condensers. 

The  condensing  appliances  consist  of  12  strings  or  rows  of  aludels 
lying  side  by  side,  and  of  two  chambers,  with  each  of  which  six  rows 
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of  aludels  communicate.  The  aludels,  one  of  which  is  shown  in  Fig. 
266,  consist  of  flask-shaped  clay  tubes,  glazed  on  the  outside,  16  inches 
to  18  inches  long,  8  to  10  inches  in  diameter  at  the  widest  part,  and  4f 
inches  to  6  inches  in  diameter  at  the  extremities.  The  object  of  the 
flask-like  shape  is  to  diminish  the  velocity  of  the  gaseous  current  and 
thus  to  promote  the  condensation  of  mercury ;  40  to  45  of  these  aludels 
are  connected  together,  as  shown  in  Fig.  267,  so  as  to  form  a  con- 
tinuous tube.  In  order  to  prevent  the  escape  of  gas  at  the  points  of 
union,  they  are  carefully  luted.  The  rows  of  aludels  lie  parallel  to  each 
other  in  grooves  in  two  surfaces  sloping  towards  each  other,  so  arranged 
that  the  first  half  of  the  row  of  aludels  leads  the  gases  and  vapours 
downwards,  and  the  second  half  conveys  them  upwards.  The  aludels 
that  lie  upon  the  descending  half  have  each  in  the  bottom  of  their 
widest  portion  an  opening  0*08  to  0*16  inch  in  diameter,  through 
which  the  mercury  condensed  in  them  escapes.  This  opening  is 
omitted  in  the  aludels  of  the  ascending  half.   The  condensed  mercury, 
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part  of  which  escapes  from  the  above-mentioned  holes,  and  part  of 
which  is  emptied  out  from  time  to  time  from  the  aludels  into  the  in- 
clined grooves,  run  into  the  inclined  channel,  v  (Figs.  264  and  265), 
in  which  it  collects,  and  flows  from  it  into  the  pans,  s,  from  which 
it  escapes  by  means  of  the  iron  pipe,  /,  shown  in  Fig.  268,  into  a 
storehouse,  where  it  is  collected  in  graduated  cast-iron  pans,  one  of 

which  is  provided 
for  each  pair  of  fur 
naces  in  the  block. 
From  the  row  of 
aludels  the  vapours 
and  gases  pass  into 
condensing  cham- 
bers, w  (h  in  Fig. 
268),  built  of  brick, 
in  which  any  mer- 
cury vapours  not 
yet  condensed  are 
to  be  deposited  A 
partition  wall,  ^,  is 
introduced  so  as  to  lengthen  the  path  of  the  vapours.  Any  gases  not 
condensed  escape  into  the  stack,  which  is  provided  with  a  damper. 
The  fuel  used  at  Almaden  was  formerly  brushwood,  but  is  now  coal. 
The  charge  for  the  larger  furnaces  is  13  tons  of  ore,  for  the  smaller 
furnaces  8*7  tons.  Together  with  this  quantity  1*5  tons  of  small  ore, 
moulded  into  bricks,  known  as  holas,  are  charged  in  each  furnace. 
Four  classes  of  ore  are  distinguished  at  Almaden,  viz,  wetaly  rich  ore ; 
reqniebro,  medium  ore  ;  china,  poor  ore ;  and  vacisco,  small  ore. 
According  to  Escosura,  the  average  consumption  of  these  classes  is 
as  follows : — 


Fia.  2(58. 


1 

MelaL 

1       '        '       ' 
1  291       21-2 

!    2-2         20 

0-6         10 

1  67-5     1  74-8 

99  4       99  0 

1 ; ._ 

1  25-5     ,  18-28 

Iloquiebi-o. 

1 
1        '        2 

133  10-2 
20  1-9 
10     1     1-2 

821     '  85-6 

98  4     1  98-9 
11-47       8-64 

China. 

Vaciiscu. 

Cinnabar  ,     •  .    .    . 

1  Iron  pjrrites     .    .    . 

Bituminous  matter. 

Gangue     

1 

1-2 

21 

3-4 

90-2 

98-9 

2 

0-86 
2-8 
0-9 
93-5 

1 

5-r 

12-3 

4-6 

77-5 

1-5 

0-7 

93-3 

Total 

98-06 

99-5 

983 

1  MetaUic  mercury    . 

1^ 

0-75 

4-40 

241 

MERCURY  351 

Before  the  ore  is  charged,  the  perforated  arch  is  covered  with  a 
layer  2  feet  deep  of  fragments  of  quartz  or  of  poor  lump  ore  {solera 
pobre),  the  pieces  of  which  are  such  a  size  that  the  flame  from  the 
fuel  can  penetrate  through  them  readily.     Upon  it  ores  of  medium 
quality  (requiebro)  are  charged,  and  upon  this  the  poorer  ores  {china\ 
which  two  kinds  together  amount  to  two-thirds  of  the  total  charge^ 
Rich  ore  (metal)  follows,  upon  which  fragments  of  old  aludels  and 
blocks  of  fine  ore  {vacisco)  and   residues   from   soot   treatment  are 
placed ;  three  men  are  occupied  in  charging,  which  takes  1 J  to  2 
hours.     As  soon  as  the  whole  charge  has  been  introduced  into  the 
furnace,  the  two  charging  doors  are  closed,  and  the  fuel  in  the  firing 
chamber  is  ignited.     Formerly  brushwood  was  used  as  fuel,  but  now 
coal  is  employed,  which  is  burnt  upon  a  grate.     After  4  to  5  hours 
the  first  mercury  shows  in  the  front  aludels.     After  firing  from  10  to 
12  hours,  the  column  of  ore  has  been  heated  sufficiently  to  be  able 
to  supply  the  heat  required  for  the  continuance  of  the  process  by 
the  combustion  of  the  sulphur  in  the  cinnabar ;  firing  is  therefore  dis- 
continued.    The  air  which  serves  to  oxidise  the  sulphur  is  heated  by 
its  passage  through  the  perforations  of  the  arch  and  of  the  barren  ore 
lying  upon  it  to  a  temperature  of  200°  to  300°  C.     The  ores  bum  for 
43  or  44  hfturs,  during  which  time  mercury  distils  uninterruptediyi 
After  the  end  of  this  second  stage  (brasa),  the  residues  in  the  furnace 
are  allowed  to  cool  for  some  18  hours,  to  promote  which  the  doors 
of  the  fireplaces  and  the  charging  doors  are  opened.     At  the  end  of 
this  time  the  distillation  residues  are  drawn  from  the  furnace,  which 
occupies  some  2  hours,  after  which  the  furnace  is  re-charged.     Each 
campaign  lasts  upon  the  whole  some  3  days  of  24  hours  ;  of  this 
time,  10  hours  are  occupied   in   firing,  44   in  the   distillation,  and 
18  in  the   cooling.     Formerly  a  charge   consumed   from  2*2  to  25 
tons  of  fuel.     Nowadays,  owing  to  the  employment  of  coal,  a  large 
furnace,  taking  a  charge  of  13  tons  of  lump  ore  and  1*5  tons  of  ore 
fines,  requires  18  cwt.  of  coal,  whilst  a  small  furnace,  taking  9  tons 
of  lump  ore    and  IJ   tons  of  fines,  requires    14  cwt.    of  coal.     As 
regards    the    temperature   in   the    condensers,   it   has   been   found, 
according  to  Kuss,  that  the  highest  temperature  in  the  first  aludels 
i^j  from  245°  to  260°  C,  which  is  attained  after  40  hours.     In  the 
tenth  aludel  from  the  furnace  it  reaches  105°  C.  at  the  end  of  48 
hours ;  in  the  midmost  aludel  of  the  row  it  amounts  to  50°  at  the 
end  of  52  hours;  whilst  in  the  last  aludel  of  each  row  it  rises  to 
29'  at  the  end  of  52  hours.     The  aludels  which  lie  on  the  slope  next 
to  the  furnace  are  cleaned  out  every  month,  those  on  the  other  slope 
every  two  months,  to   remove  the    mercury  and  soot   contained  in 
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them.  For  this  purpose  the  luting  is  removed  and  the  aludels  are 
held  one  by  one  vertically  over  the  inclined  gutters  of  the  slope 
upon  which  the  aludels  lie,  in  order  that  the  mercury  contained  in 
them  may  run  into  these  gutters.  The  soot  is  then  removed  from 
them  by  means  of  brushes.  It  is  collected  in  heaps,  and  treated  in 
the  manner  to  be  described  later  on.  The  residues  resulting  from 
its  treatment  are  moulded  into  blocks,  together  with  ore  fines,  and 
treated  in  the  furnace  just  described.  Opinions  vary  as  to  the  loss  tjf 
mercury,  which  is  given  as  between  4*41  and  25  per  cent.  According 
to  L.  de  la  Escosura,^  Langer  ^  calculates  that  the  loss  of  quicksilver, 
when  modern  methods  of  assay  are  employed,  averages  20  per  cent 
As  already  stated,  the  aludel  furnace  is  in  use  nowhere  else,  and  in 
fact  at  Almaden  its  days  are  numbered,  for  Czermak-Spirek  furnaces 
are  being  erected  there.  It  requires  no  proof  that  the  intermittent 
process  carried  on  in  it  is  inferior  to  a  continuous  one.  On  the 
other  hand,  the  condensing  arrangement  of  rows  of  aludels  followed 
by  chambers  represents  a  principle  which  has  been  quite  recently 
acknowledged  as  the  correct  one,  although  in  modified  form.  The 
newest  and  best  condensers  have  been  arranged  on  this  system  in 
Idria,  and  consist  of  a  series  of  stoneware  pipes  followed  by  wooden 
chambers.  • 

The  Idrian  Furnace 

This  furnace  is  distinguished  from  the  Bustamente  furnace  only 
by  the  construction  of  the  condenser,  which  consists  here  not  of 
aludels  but  of  chambers  lined  with  cement,  six  or  eight  of  which  are 
built  on  either  side  of  the  furnace.  The  gases  and  vapours,  therefore, 
escape  at  both  ends  of  the  shaft.  The  Idrian  fiirnace  was  designed 
in  1787  by  von  Leithner  at  Idria,  and  has  been  in  use  there,  with 
various  modifications,  up  to  the  year  1870.  It  was  introduced  in 
the  year  1806  by  Larranaga  into  Almaden,  and  is  still  in  use  there, 
side  by  side  with  the  Bustamente  furnace.  The  original  furnace? 
were  rebuilt  at  Idria  in  1825,  either  a  pair  or  a  single  one  forming 
a  furnace  block.^  The  double  furnaces  were  called  Franz  furnaces; 
and  quadruple  furnaces,  containing  four  in  one  block,  Leopoldi  fur- 
naces. The  construction  of  the  modern  lieopoldi  furnace  at  Idria 
is  shown  in  Figs.  269  and  270,  in  which  the  condensing  chambers  on 
one  side  of  the  furnace  only  are  shown.  The  fiimace  is  square  in 
plan,  10  feet  in  the  side,  and  is  furnished  with  two  perforated  brick 

*  Op.  cit.,  p.  448;  Kuss,  op.  cit. 

*  Beschreibung  des  Queclailberbergwerkes  Almaden,'  Berg-  und  HuUenmm  Jahrl.  <<• 
Berg-  Ahad.,  1879.  »  Mitter,  loc.  cit. 
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arches.  Upon  the  lower  one,  a,  lump  ores  are  placed,  whilst  the 
upper  one  serves  to  carry  the  clay  or  cast-iron  pan  in  which  the 
fine  ore  is  charged.  At  one  time,  ftirnaces  with  three  perforated 
arches  in  the  shaft  were  employed.  The  fireplace  is  under  the 
bottom  brick  arch,  and  is  provided  with  a  firegrate  c,  w  being  air- 
flues;  h  are  manholes  for  cleaning  out  the  chambers;  x  are  the 
escape  flues,  of  which  there  are  six  on  either  side  of  the  furnace ; 


F1G8.  209,  270. 


the  bottom  of  the  condensing  chambers,  d,  slopes  towards  one  side, 
in  order  to  allow  the  condensed  mercury  to  flow  off  into  a  gutter 
nmning  along  one  side  of  the  chambers,  which  conveys  it  into  the 
magazine.  From  the  last  chamber  the  gas  passes  through  the  flues 
y  and  z  to  the  stack.  The  construction  of  the  older  form  of  double 
furnace  with  three  arches  is  shown  in  Figs.  271  to  273,  of  which  Fig. 
273  shows  the  shaft  on  a  somewhat  larger  scale  than  that  of  the  other 
two  figures.  The  lump  ores  are  charged  upon  the  bottom  arch  x,  x ; 
VOL.  11  A  A 
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upon  the  middle  one,  y,  ?/,  ore  of  medium  size  is  charged ;  and  ujx»n 
the  top  arch,  z,  z,  the  pans  with  ore  fines  ;  w  are  the  outlet  flues,  of 
which  there  are  six  on  either  side  of  the  furnace,  and  T  the  a>n- 
densing  chambers  connected  with  them.  From  the  last  and  highest 
condensing  chamber,  w,  the  gases  pass  into  the  flue,  JT,  leading  to  the 
stack.     On  either  long  side  of  the  system  of  chambers  there  are 


Fio.  271. 


tWJiNPg 


Fio.  272. 


Fia.  278. 


J 


gutters,  7%  which  collect  the  mercury  from  each  chamber  (the  bottom 
which  slopes  towards  the  gutter),  and  which  lead  it  to  the  magazineJ 
V  and  IK  are  archways  through  which  the  air  passes  into  the  shaft  oil 
to  the  fuel.  At  one  time  only  ore  fines  were  treated  in  these  fumact^ 
and  were  charged  in  pans,  of  which  the  furnace  contained  1,800,  witl 
44  lb.  of  ore  in  each.  This  furnace  was  first  fired  for  10  to  12huiirs| 
then  it  was  left  to  itself  for  5  or  6  days,  after  which  the  distillaiia 
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residues  were  removed.     The  charge  of  ore  per  furnace  amounted  to 
40  to  58  tons  ;  the  output  of  mercury  was  2-36  per  cent,  when  ores 
containing  3*26  per  cent,  were  treated.    This  output  was  smaller  than 
in  the  case  of  the  aludel  furnace,  but,  on  the  other  hand,  the  work- 
ing expenses  were  also  less.     At  present  there  are  two  Idrian  furnaces 
in  use  at  Almaden,  though  they  are  likely  to  be  supplemented  soon. 
Each  of  them  is  25  feet  high,  and  is  circular  in  plan,  with  a  diameter 
of  10  feet.     As  in  the  case  of  the  aludel  fiirnace,  there  is  here  only 
one  single  brick  arch  with  perforations.     There  are  five  openings  on 
either  side  in  the  upper  part  of  the  shaft,  through  which  the  gases 
and  vapours  escape  into  the  condensing  chambers,  of  which  there  are 
six  on  either  side.     As  in  the  furnace  at  Idria,  the  last  chamber  is 
higher  than  the  others,  and  acts  as  a  stack.     The  other  details  of  the 
chambers,  the   sides   and  floor  of  which  are  coated  with  Portland 
coment,  are  similar  to  those  at  Idria.     The  charge  of  these  furnaces 
is  twice  that  of  the  Bustamente  furnace,  viz.,  27*2  to  285  tons  of  ore. 
The  labour  employed  for  charging  the  furnace  is  the  same  as  for  the 
Bustamente  furnace ;  it  occupies  one  day.     The  furnace  is  then  fired 
for  a  day,  the  heat  necessary  for  distillation  being  maintained  during 
the  two  following  days  by  the  sulphur  contained  in  the  ore.     The 
period  of  cooling,  which  lasts  for  a  day,  now  follows,  and  another  day 
is  occupied  in  withdrawing  the  residues  after  distillation  and  the 
i\shes  of  the  fuel.     Including  charging  and  clearing,  six  days  are, 
therefore,  required  for  distillation.     The  consumption   of  wood  for 
each  distillation  amounts  to  42  to  4*5  tons.     The  soot  is  freed  by 
rubbing  in  the  condensing  chambers  from  the  greater  parfc  of  the 
^juicksilver    contained    in    it.      The    residues    thus    obtained    are 
agglomerated,  together  with  ore  fines,  into  lumps,  and  treated  in  the 
distillation  furnace.     According  to  experiments  executed  at  Almaden, 
the   losses    of    mercury   in   this   furnace   are   higher   than    in    the 
Bustamente   furnace,  the  ratio  being  given  as  62  in  the  former  to 
4'4i   in  the  latter.     These  results  have,  however,  been  obtained  by 
the  old  method  of  ore  assaying  in  retorts  with  the  addition  of  lime, 
and  can,  therefore,  not  be  taken  as  reliable.     On  the  other  hand,  it  is 
perfectly  clear  that  the  working  of  the  Idrian  furnace  is  cheaper  than 
that  of  the  Bustamente  furnace.^     In  Idria,  where  the  furnaces  had 
(lone  better  work   than  the  Bustamente  furnace,  especially  for  ores 
jworer  in  mercury  than  those  of  Almaden,  carrying  3  to  4  per  cent. 
i)f  mercury  as  against  7  to  10  at  Almaden,  this  furnace  has  been 
thrown  out  of  use  since  1870,  and  has  been  replaced  by  continuous 
working  furnaces  and  modern  shaft  furnaces. 

^  Longer,  loc.  cit. 
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Externally  Fired  FurTtaces 

Furnaces  of  this  type  were  formerly  in  use  upon  a  large  scale  at 
the  Redington  works,  near  Knoxville,  and  the  New  Almaden  works, 
both  in  California,  but  have  been  replaced  by  modern  furnaces.^  The 
last  furnace  of  this  kind  was  in  partial  use  in  New  Almaden  in 
the  year  1889,  but  has  disappeared  by  this  time.  In  this  fumaw 
the  fireplace  was  built  out  on  one  side  of  the  shaft,  this  side  being 
formed  by  a  curved  perforated  wall,  through  which  the  products  of 
combustion  could  enter  the  shaft,  after  which  they  passed  through 
horizontal  channels  left  in  the  column  of  ore,  towards  the  opposite 
side,  through  which  they  were  discharged  into  condensing  chambers. 
The  latter  were  similar  to  those  used  in  the  Idrian  furnaces ;  they  were, 
however,  confined  to  one  side  of  the  furnace,  and  were  present  in 
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larger  numbers  (from  18  to  22),  terminating  in  a  brick  tower,  which 
was  again  connected  by  means  of  a  flue  with  a  Guibal  fan.  Lump 
ore,  as  well  as  ore  fines  moulded  into  blocks,  were  treated  in  this 
furnace.  Its  construction  is  shown  in  Figs.  274  to  276;  o  is  iho 
shaft  furnace  proper,  p  and  q  are  brick  walls  perforated  to  their  full 
height  for  the  passage  of  the  flames.  They  are  arched  in  plan  so  as 
to  better  resist  the  lateral  pressure  of  the  column  of  ore.  The  firt^- 
grate  is  in  a  chamber  behind  the  side  wall,  p,  through  openings  in 
which  the  flames  penetlrate  into  the  shaft,  and,  mixed  with  the 
vapours  of  sulphur  dioxide  and  mercury,  pass  through  openings  in 
the  wall,  q,  into  the  condensing  appliances.  The  passage  of  the  g^ist-^ 
through  the  column  of  ore  is  facilitated  by  means  of  channels  left  in 
^  Egleston    Mttallurgy  of  Silver^  Gdd,  and  Mercury,  vol.  ii.,  p.  814. 
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them,  corresponding  to  the  openings  in  the  walls  of  the  furaace.  When 
lump  ore  was  treated,  these  channels  were  produced  by  a  suitable 
arrangement  of  the  lumps  of  ore.  When  both  lump  ore  and  blocks  of  ore 
fines  {adobes)y  or  ore  fine  blocks  alone  were  being  treated,  the  channels 
were  constructed  of  these  blocks.  In  the  upper  part  of  the  ore  column 
these  channels  were  of  a  smaller  section  than  in  the  lower  part,  in 
order  to  cause  the  flames  to  travel  as  nearly  horizontally  as  possible 
through  the  furnace.     The  ores  are   let  down  in  baskets  through 
the  furnace   mouth.     The  residues  remaining  after  the    mercury 
has  been  distilled  off  are  removed  through  the  apertures,  z,  z.     The 
top  of  the  ore  column  is  sealed  by  a  cover  of  old  iron,  straw,  and 
clay.   In  the  first  condensing  chamber  there  are  two  smaller  chambers 
for  drying  the  ores ;  they  are  open  at  their  upper  ends,  and  provided 
with  two  apertures  each  at  their  lower  ends  for  drawing  out  the 
dried  ores.  The  furnace  is  18  feet  high,  9  feet  broad,  and  12  feet  long. 
The  opening  through  which  gases  and  vapours  pass  into  the  first 
condensing  chamber  is  7  feet  high.     The  charge  amounts  to  90  to 
100  tons,  the  older  furnace  taking  charges  of  50  to  70  tons  only. 
Charging  takes  a  day,  and  requires  the  labour  of  eight  men.     After 
the  furnace  is  properly  closed  up,  firing  is  continued  for  4|   days. 
The  mercury  commences  to  condense  at  the  end  of  14  or  16  hours, 
and  has  finished  after  4J  days.     The  furnace  is  then  allowed  to  cool 
for  3i  days,  during  which  time  the  doors  of  the  fireplace  are  opened. 
After  this  time,  the  cover  is  removed  and  the  distillation  residues 
drawn  out  through  the  openings  provided  for  that  purpose.  One  man 
per  shift  is  required  to  look  after  the  fire.     The  cleaning  out  of  the 
furnace  takes  a  day  and  requires  four  men.     Three  charges  can  be 
worked  per  month.  Eighteen  cords  of  wood  are  required  for  100  tons 
of  ore.     Upon  the  average,  each  ton  of  ore  yielded  1,873  flasks  of 
mercury.     These  furnaces  have  been  replaced  in  California  by  con- 
tinuous working  furnaces,  which  work  much  more  cheaply  and  do  not 
re»|uire  the  ore  fines  to  be  moulded  into  bricks. 

Tke  Ejttraction  of  Mercury  in  Shaft  Furnaces  Fired  Continuously 

To  this  class  of  furnace  belong  the  furnaces  of  Exeli,  of  Langer, 
>f  Knox,  of  Huttner  and  Scott,  of  Liver  more,  of  Czermak,  and  of 
^zermak  and  Spirek.  The  furnaces  of  Exeli  and  Langer  are  suitable 
or  the  treatment  of  lump  ores.  The  furnaces  of  HUttner  and  Scott, 
uimely,  the  Granzita  furnace  and  the  Tierra  furnace,  as  also  the 
!)zemiak  and  Czermak-Spirek  furnace  and  the  Livermore  furnace, 
re  suitable  for  the  treatment  of  ore  fines.     The  Knox  furnace  can 
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treat  both  lump  ores  and  a  mixture  of  lump  ores  and  ore  fines, 
provided  that  the  latter  do  not  exceed  a  definite  proportion  of  the 
whole.  The  jnost  efficient  of  these  furnaces  are  those  adapted  for 
the  treatment  of  ore  fines,  hence  under  certain  circumstances  they 
are  used  for  treating  pulverised  lump  ore.  Both  the  furnaces  of  Exoli 
and  Langer  have  given  good  results  with  lump  ore.  That  of  Knox, 
which  was  favoured  for  a  long  time  in  California,  is  now  quite  out  of 
use.  All  the  furnaces  which  have  been  mentioned  as  suitable  for  ore 
fines,  of  which  the  Hiittner  and  Scott  and  Livermore  furnaces  were 
invented  in  California,  are  at  present  in  use  at  various  works  and 
give  satisfactory  results. 


Furnaces  for  Lump  Ores 

Ex^eli  Furnace^ 

This  furnace  was  built  at  Idria  in  1872  by  Exeli.  It  consists  of  a 
shaft  furnace,  surrounded  with  three  external  fireplaces,  and  cavsed  in 
vvrought-iron  to  prevent  loss  of  mercury ;  there  is  also  an  iron  plate 
underneath  the  bottom  of  the  furnace.  The  construction  of  tho 
furnace  is  shown  in  Figs.  277  and  278 ;  S  is  the  furnace  shaft  with 
the  three  fireplaces,  a,  and  three  openings  underneath  them,  i,  for  the 
removal  of  the  distillation  residues.  The  residues  drawn  through 
these  openings  are  cooled  in  the  chamber,  r,  which  serves  at  the  same 
time  as  an  ashpit,  wherein  they  may  give  up  their  heat  to  the  air  j 
entering  under  the  grate.  In  order  to  remove  the  distillation  residue> 
from  the  furnace,  the  necessary  tools  can  be  introduced  through  tht-  I 
doors,  d,  into  the  openings,  h.  The  charging  apparatus  consists  of  a 
cup  and  cone  with  water  seal.  The  vapours  escape  through  the  pijn , 
e,  into  condensers.  The  grates  are  arranged  for  wood  firing.  Tin* 
shaft  is  13  feet  high,  6  feet  3  inches  in  diameter  in  the  upper  jKirt. 
and  4  feet  3  inches  in  the  lower  part.  The  grates  are  each  34  inche< 
long  and  12  J  inches  wide. 

The  condensing  arrangement  consists  of  cast-iron  Y-shaped  pij>«'> 
19  inches  in  diameter,  followed  by  condensing  chambers,  the  amini;'  - 
ment  of  which  is  shown  in  Figs.  279  and  280,  in  which  //  are  th.' 
pipes,  three  rows  of  which  lie  side  by  side.  They  terminate  bolow  in 
short  vertical  branches,  which  are  open  and  dip  into  boxes,  A.  1* 
inches  wide,  filled  with  water.  In  these  the  condensed  mercim 
collects  and  flows  off  into  an  iron  vessel,  which  is  kept  locked.  Tht 
tubes  are  cleaned  from  soot  by  means  of  discs  attached  to  nxis, 
*  Das  K,  K.  Quecksilberberywerk  Idria  in  Krain,  Wien,  1881.  j 
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introduced  through  the  upper  portion  of  the  tubes,  by  means  of 
which  the  soot  adhering  to  the  insides  of  the  tubes  is  pushed  down 
into  the  boxes,  A.  This  furnace  treated  ores  that  would  not  pass 
through  a  sieve  of  08  inch  mesh,  and  which  contained  from  0*2  to 
08  per  cent,  of  mercury.  In  24  hours  14*4  tons  of  ore  were  treated 
with  a  consumption  of  102  cubic  feet  of  cord  wood.     The  distillation 
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residues  contained  0*002  per  cent,  of  mercury,  the  total  loss  of  metal 
amounting  to  8*9  per  cent. 

By  building  up  the  fire  spaces,  these  furnaces  were  afterwards 
converted  at  Idria  into  true  shaft  furnaces,  in  which  the  fuel — charcoal 
—was  introduced  together  with  the  ores  into  the  shaft.  The  Exeli 
condenser  was  open  to  the  objection  that  in  consequence  of  the  in- 
clined position  of  the  cast-iron  pipes  the  acid  water  that  condensed  in 
them  ran  down  into  the  lower  portion  and  rapidly  destroyed  this  part. 
Czermak,  therefore,  employed,  instead  of  the  inclined  pipes,  vertical 
pipes  lined  inside  with  cement,  the  lower  portion  of  which  terminated 
in  iron  boxes,  which  were  also  protected  by  a  layer  of  cement.     This 
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condenser    has   been    replaced   by  the  modern  Czermak  condenser, 


which 
subdiv 


effectively  employs  the  principle  of  surface  condensation  1 
iding  the  mercurial  vapoui-s  among  several  rows  of  nan\>w  ('^ 
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stoneware  pipes.  At  present,  therefore,  as  fast  as  the  iron  pipes 
become  destroyed  they  are  replaced  at  Idria  by  pipes  of  glazed 
stoneware. 

There  are  two  Exeli  furnaces  at  work  in  New  Almaden,  which 
were  built  in  the  years  1874  and  1875.  The  construction  of  the  first 
built  furnace  is  shown  in  Figs.  281  and  282.  The  shaft  ^  is  altogether 
20  feet  high  in  the  clear ;  the  diameter  in  its  uppermost  widest  part 
amounts  to  11  feet  6  inches,  narrowing  down  to  5  feet  6  inches; 
whilst  in  the  bottom  portion,  8  feet  in  height,  it  narrows  still 
further  down  to  4  feet.     The  shell  consists  of  wrought-iron,  |  inch 
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lick.  It  encloses  first  of  all  a  shaft  of  common  brick,  and  then 
1  inner  lining  shaft  proper  of  fire-brick  separated  from  the  former 
f  a  small  interspace.  The  lower  portion  of  the  furnace,  in  which  the 
■eplaces  and  discharging  doors  arc  situated,  is  supported  on  cast-iron 
ates.  The  furnace  stands  upon  a  plate  of  cast-iron,  forming  a  very 
it  cone,  so  that  any  mercury  collecting  in  it  runs  into  a  vessel  placed 
ider  the  apex  of  the  cone.  The  furnace  top  is  closed  by  an  annular 
ite  of  cast-iron,  all  except  the  throat,  which  is  fitted  with  a  charg- 
g[  ap|)aratus  similar  to  that  already  described.  When  the  furnace  is 
arged,  a  height  of  3  feet  is  left  empty  in  the  upper  part.     In  this 

^  Egleston,  loc.  cit. 
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the  vapours  evolved  duriug  distillation  collect,  and  escape  through  cast- 
iron  pipes  1  foot  in  diameter,  of  which  there  were  six  in  the  earlier  fur- 
nace, but  only  three  in  the  later  one,  into  a  main  21  inches  in  diameter 
inclined  at  an  angle  of  10°,  through  which  they  pass  into  the 
condensing  chambers.  All  these  tubes  are  fitted  with  cleaning 
discs,  in  order  to  be  able  to  remove  the  soot.  So  as  to  be  able  tc 
observe  the  progress  of  the  distillation,  there  are  twelve  peep-holes,  a, 
arranged  at  four  different  heights.  The  condensing  appliances 
consisted  formerly  of  brick  chambers,  a  Fiedler  condenser,  and 
Fiedler- Randol  glass  and  wood  condensers.  The  brick  chambers,  of 
which  there  were  two  to  each  furnace,  were  28  feet  high,  28  feet 
long,  and  18  feet  broad.  Each  of  these  was  divided  into  halves  by 
means  of  a  partition.  From  these  chambers  the  gases  passed  into 
a  Fiedler  condenser,  the  construction  of  which  is  shown  in  Figs.  283 
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and  284,  and  which  consisted  of  rectangular  boxes  of  cast-iron,  10  feil 
6  inches  long,  and  5  feet  6  inches  high  and  broad,  the  cover  of  which 
is  shaped  like  a  flat  roof  It  was  divided  into  four  di\dsions  Z,  by  mean^ 
of  three  hollow  iron  walls,  FT,  in  which  water  circulated,  each  division 
having  an  inclined  bottom.  The  first  and  last  of  these  iron  walls 
were  open  above.  Through  the  pipe,  JB,  the  water  entered  the  hollow 
walls,  which  communicated  with  each  other  by  means  of  a  small  pip<\ 
X,  and  after  flowing  through  these  it  escaped  through  the  opening  f. 
The  pipe,  R,  also  served  to  cool  the  iron  roof  and  side  walls  of  the 
boxes.  The  gases  entered  the  boxes  through  the  pipe  M,  traverstnl 
the  divisions,  and  escaped  at  Ify  the  products  of  condensation  escaping 
through  the  pipe  q.  According  to  Egleston,  this  arrangement  wa- 
done  away  with,  in  spite  of  the  good  results  obtained  from  it,  because' 
it  interfered  with  the  draught  of  the  gases  and  vapours,  and  becaiL* 
the  iron  of  which  it  was  made  was  strongly  attacked  by  th. 
condensed  vapours. 
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The  older  condensers  of  glass  and  wood  into  which  the  gases 
passed  from  the  Fiedler  condenser  are  shown  in  Figs.  285  to  287. 
They  consisted  of  rectangular  wooden  boxes,  in  the  walls  of  which  a 
large  number  of  sheets  of  glass  are  inserted,  but  not  puttied  in. 
These  boxes  were  divided  into  four  divisions  by  means  of  partitions,  so 
that  the  gases  had  to  traverse  them,  entering  at  A  and  escaping  at 
B.  The  bottom  was  inclined  towards  the  two  longer  sides,  in  order  to 
allow  the  condensed  products  to  run  off  readily.  These  condensers, 
too,  have  been  discontinued  for  the  Exeli  furnace,  but  have  been 
retained  for  the  furnaces  which  are  treating  ore  fines. 

At  present  the  condensing  plant  consists  of  brick  chambers  and 
of  cooled  iron  pipes.  From  the  above-mentioned  brick  chambers  the 
gases  enter  two  systems  of  cooled  iron  pipes,  and  then  again  a  series 
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of  brick  chambers.  From  the  last  chamber  they  are  conducted  by  a 
wooden  box  into  a  tower,  and  then  through  another  wooden  flue  into 
a  main  flue  common  to  a  number  of  furnaces,  through  which  they 
are  drawn  by  a  Guibal  fan.  The  construction  of  the  iron  pipe  con- 
densers is  shown  in  Fig.  288.^  From  the  brick  chambers  connected 
with  these  condensers,  the  gases  and  vapours  escape  through 
three  pipes  made  of  wrought  iron  0*18  inch  thick,  inclined 
at  an  angle  of  from  3**  to  20°.  They  are  22  inches  in  diam- 
eter and  19  feet  long.  From  these  they  pass  into  three  cor- 
responding systems  of  tubes,  which  have  the  shape  shown  in  the 
figure,  and  which  are  contained  in  a  wooden  box  10  feet  long,  10  feet 
deep,  and  6  feet  9  inches  broad.  These  pipes  are  made  of  cast-iron, 
and  are  surrounded  by  water,  which  enters  the  lower  part  of  the  box 
and  escapes  heated  from  the  upper  part.  The  pipes  are  22  inches  in 
diameter  and  0*75  inch  thick.    The  inclined  pipe  lying  in  the  bottom 

^  Egleston,  o/>.  cit. 
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of  the  box  serves  to  collect  the  products  of  condensation.  From  the 
lower  end  thereof  these  products,  namely,  mercury  and  soot,  can  be 
run  oflF  by  means  of  a  smaller  pipe.  They  run  first  on  to  a  plate,;), 
covered  with  indiarubber,  upon  which  the  soot  is  retained,  and  thence 
enter  a  vessel  in  which  the  mercury  is  collected,  whilst  the  acid 
water  runs  out  over  its  edge.  The  vertical  as  well  as  the  inclinetl 
pipes  terminate  in  blind  flanges,  which  can  be  removed  in  order  u* 
clear  out  the  soot.  From  the  last  vertical  pipe,  gas  and  vapour  enter 
a  brick  chamber  provided  with  movable  partitions,  and  traverse  it  in 
the  direction  described  above.  By  moving  the  partitions,  which 
resemble  dampers,  the  rate  of  the  gas  current  can  be  regulated.  The 
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wooden  flues  through  which  the  gases  are  conveyed  to  the  fan  are 
shown  in  Figs.  289  and  290.  They  are  built  of  two  layers  of  curved 
planks,  between  which  there  is  a  coating  of  asphalt.  Their  inner 
surfaces  arc  coated  with  a  mixture  of  asphalt  and  coal-tar,  and  they 
are  coated  externally  with  asphalt.  At  every  6  feet  they  are 
supported  by  a  wooden  frame.  The  Guibal  fan,  which  provides  the 
draft  for  five  furnaces,  has  an  iron  frame,  the  vanes  being  of  wixxl. 
Its  diameter  is  9  feet,  its  width  28  inches.  Those  parts  of  the  fan 
that  are  made  of  wrought-iron  have  to  be  renewed  every  two  years. 
In  working  the  furnace,  it  is  first  charged  with  ore  containing  from 
5  to  8  per  cent,  of  quicksilver,  and   sometimes  as  much  as   10  per 
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cent.  The  ores  are  mixed  with  1^  per  cent,  of  charcoal.  The  fuel 
burnt  on  the  grates  is  fir  wood  or  oak.  When  the  furnace  is  in 
regular  operation,  it  is  charged  and  drawn  every  two  hours ;  every 
charge  remains  about  2\  days  in  the  furnace.  A  pair  of  furnaces 
are  worked  by  two  men  on  the  shift,  10  tons  of  ore  (granza)  being 
treated  in  24  hours,  the  furnace  being  capable  of  putting  through  a 
larger  quantity  of  poorer  ores.  The  consumption  of  fuel  amounts  to 
85  cubic  feet  of  cord  wood  per  24  hours.  According  to  Egleston,  in 
the  year  1888  one  of  the  two  furnaces  at  New  Almaden  was  in 
operation  for  345  days,  and  treated  3,185  tons  of  granza  ores.  The 
product  was  7,062  flasks,  each  containing  76*5  lb.  of  mercury,  or  a 
production  of  8  48  per  cent.  A  second  furnace  was  only  in  operation 
157  days,  and  treated  1,486  tons  of  ore,  producing  3,050  flasks  of 
mercury,  or  an  output  of  7*84  per  cent. 

The  Langer  Furnace 

This  furnace  was  designed  in  1878  by  Langer  in  Idria,  and  is  a 
modified  Exeli  furnace  with  an  iron  shell.  It  differs  from  the  latter 
chiefly  in  being  oval  in  horizontal  section  and  in  not  standing  by 
itself,  four  furnaces,  built  side  by  side,  being  enclosed  in  one  common 
shell.  The  construction  of  such  a  block  of  four  furnaces,  together 
with  the  condensing  arrangement,  is  shown  in  Figs.  291  to  293 ;  /i 
are  the  furnaces  standing  upon  an  iron  plate  surrounded  by  a  shell  of 
iron.  The  shafts  for  a  distance  of  14  feet  from  the  throat  have  a  cross 
section  of  7  feet  6  inches  by  5  feet  9  inches,  and  contract  from  this  to 
the  bottom  of  the  furnace,  a  height  of  9  feet,  to  a  cross  section  of 
5  feet  9  inches  by  3  feet  8  inches.  On  either  side  of  the  furnace 
there  are  two  step  grates,  making  altogether  four  fireplaces,  c. 
Beneath  each  of  these  are  the  four  openings,  a,  ?>,  through  which  the 
distillation  residues  can  be  drawn  out.  Charging  is  effected  by 
lifting  the  cone,  D,  by  means  of  the  rod  d,  in  the  casing  C,  The 
uj)per  end  of  the  latter  is  closed  by  means  of  a  cover,  n,  provided 
with  a  water  seal,  the  cover  being  made  of  wood  and  balanced  by 
means  of  the  counterpoise,  p.  The  gases  and  vapours  escape  through 
the  upper  part  of  the  furnace  into  cast-iron  tubes,  E,  \H\  inches  in 
diameter  in  the  clear,  there  being  three  of  these  tubes  to  each 
t'limace,  which  are  provided  on  either  side  with  two  oval  openings, 
through  which  the  gases  and  vapours  enter  the  tubes.  These  tubes 
communicate  with  the  condensing  tubes  proper,  which  are  also  made 
of  cast-iron.  There  are  three  rows  of  these  tubes  for  each  furnace, 
surrounded  by  the  cooling  box,  K^  in  which  a  constant  current  of  cold 
water  circulates  to  promote  condensation   in  the  same  way  as  has 
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been  explained  on  page  363.  The  cold  water  enters  through  the 
tube  hy  at  the  bottom  of  the  box,  the  heated  water  running  out  at 
the  upper  part  through  the  tube  i  and  the  gutter  k,  and  thence  int^) 


the  sump  m.  The  products  of  condensation  collect  in  the  box  Cj, 
from  which  the  mercury,  with  a  portion  of  soot,  is  run  off  into  iho 
reservoir  H.  The  acid  waters  are  run  out  of  the  soot  collect^jr  (/ 
alternately  into  two  soot  tanks  /,  and  after  settlement  are  run  otf 
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through  the  gutter  k  into  the  sump  m.  The  gases  and  uncondensed 
vapours  pass  into  the  condensing  chambers  P,  which  are  built  of 
brickwork  pointed  with  cement.  The  walls  are  covered  first  with 
asphalt,  then  with  a  layer  of  cement,  and  finally  with  smoothly 


planed  wood.  The  bottom  of  the  chamber  consists  of  a  layer  of 
*<jncrete  3  inches  thick,  upon  which  there  is  a  thick  asphalt  pave- 
The  cover  of  the  chamber  consists  of  the  dished-out  cast-iron 


nent. 


)late?)  0,  which  are  bolted  together,  the  joints  being  made  with 
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rubber.  This  cover  is  cooled  by  means  of  a  stream  of  water  con- 
ducted over  it.  The  chamber  is  divided  by  wooden  partitions  into 
four  divisions  corresponding  to  the  four  furnaces.  E^h  of  these 
divisions  is  divided  by  a  horizontal  partition  into  an  upper  chamber 
Fa.nd  a  lower  one  F';  from  these  chambers  the  gases  pass  through 
the  flues  S  into  a  subterranean  system  of  chambers,  thence  into  a 
series  of  central  chambers  common  to  the  whole  furnace,  and  finally 
pass  to  the  stack  or  fafl.  One  of  these  furnaces  used  to  put  through 
in  24  hours  15"9  tons  of  lump  ore  containing  0*2  to  0*8  per  cent,  of 
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mercury,  24  cubic  feet  of  wood  being  consumed  to  each  100  tons  of 
ore.  In  1893,  the  loss  of  mercury  was  912  per  cent,  according  to 
Exeli.  The  fireplaces  of  these  Langer  furnaces  have  at  present  been 
bricked  up,  and  they  are  used  as  shaft  furnaces  proper,  into  which 
the  ores  are  charged  together  with  charcoal.  The  condensinsr 
arrangement  has  been  replaced  by  Czermak  condensers  with  sUmo- 
ware  pipes. 

The  Knox  Furnace 

This   furnace   was   erected   in   the   years    1874  to  1875  at  tht 
Redington  Mine,  and  was  also  introduced    at   a   number  of  otht  r 


MERCURY 


369 


Califomian  works.  It  was  intended  to  treat  simultaneously  lump 
ore  and  ore  fines.  Although  it  gave  good  results,  both  for  lumps 
and  for  mixtures  of  lump  and  fine,  provided  the  latter  did  not  exceed 
a  definite  proportion,  and  showed  itself  especially  far  superior  to  the 
modified  Idrian  furnace,  it  has  not  come  into  general  use,  as  was  at 
first  expected,  in  consequence  of  the  construction  of  furnaces  specially 
for  the  treatment  of  ore  fines,  and  on  account  of  the  existence  of 
other  good  furnaces  suitable  for  the  treatment  of  lump  ores.  At 
pre.sent  it  is  probably  out  of  use.  Its  special  advantage  was  said  to 
be  that  it  would  treat  satisfactorily  ores  containing  only  IJ  per 
cent,  of  mercury,  whereas  in  the  modern  furnaces  used  for  the 
treatment  of  ore  fines,  ores  with  only  0*3  per  cent,  of  mercury  can 
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)e  profitably  worked.  Its  construction  is  shown  in  Figs.  294  and 
!95.  It  consists  of  a  brick  shaft  with  walls  widening  upwards  step- 
rise,  and  with  a  lateral  fireplace  in  the  middle  of  its  height.  The 
leight  of  the  furnace,  of  which  two,  or  in  case  of  need  four,  are  best 
>uilt  sidQ  by  side,  amounts  to  39  feet.  The  shaft  is  rectangular  in 
lorizontal  section.  As  shown  in  the  figures,  the  furnace  widens  from 
he  throat  to  the  fireplace,  the  latter  lying  20  feet  below  the  former, 
"he  shaft  proper  is,  as  is  shown,  7  feet  square.  In  order,  however, 
0  heat  the  ores  thoroughly,  the  side  containing  the  fireplace  has 
een  brought  nearer  the  opposite  side,  to  within  2  feet  in  the  newer 
imaces,  according  to  Egleston.^     At  the  level  of  the  fireplace  the 

^  Op.  cit.,  p.  842. 
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cross-section  of  the  shaft  therefore  presents  in  these  furnaces  a 
rectangle  of  7  feet  by  2  feet.  At  the  opening  for  the  removal  of  the 
residues,  the  cross-section  decreases  again  down  to  2  feet  by  2  feet. 
The  arches  T  form  two  chambers,  R  and  a?,  the  former  of  which  con- 
tains the  fireplace,  whilst  the  escape  pipe  for  the  gases  and  vapours 
lies  in  the  second.  The  five  arches  Ty  of  which  the  two  top  ones  aiv 
smaller  than  the  rest,  are  spaced  some  distance  apart,  leaving 
openings,  through  which  the  flames  enter  the  shaft  at  one  side,  and 
escape  at  the  opposite  side  into  the  chamber  S,     By  means  of  this 

arrangement,  the  flames  art- 
forced  to  traverse  the  column 
in  the  shaft  in  a  horizont^d 
direction,  and,  together  with 
the  products  of  oxidation  nt 
the  sulphur  and  the  mercurial 
vapours,  are  drawn  by  means 
of  a  fan  into  the  condensers. 
The  three  lowermost  archt< 
are  stepped  backwards,  so  tha: 
the  shaft  proper  widens  out 
at  this  point.  Owing  to  thi^ 
widening  the  column  of  ore  is 
rendered  loosest  opposite  th«. 
fireplace  in  order  to  promote  a 
better  circulation  of  the  flam^ 
through  the  ore,  and  also  t« 
avoid  any  ore  dropping  through 
the  slots  into  the  above-mentioned  chambers. 

The  fire  heats  the  ore  to  such  a  temperature  that  it  will  contin\i« 
to  burn  by  itself  in  the  lower  part  of  the  shaft;  z  is  the  openin: 
through  which  the  residues  of  distillation  are  drawn  out.  The  thn  k:^ 
is  closed  by  a  cover  v  in  the  shape  of  a  segment  of  a  sphere,  which  - 
pushed  to  one  side  by  means  of  a  projection  on  the  ore  waggroii- 
The  bottom  of  the  chamber  S  is  covered  with  stout  plates  of  ir»  •: 
which  are  to  prevent  the  penetration  of  the  mercury  into  the  brick 
work.  From  this  chamber  the  gases  and  vapours  pass  by  moaiis 
a  cast-iron  pipe,  1  foot  6  inches  in  diameter,  into  Knox-Osborne  e««n 
densers.  These  consist  of  a  series  of  16  to  19  boxes  of  cast-iron  an 
wood,  rectangular  in  horizontal  section  and  with  an  inclined  tlr.  r 
which  are  united  by  means  of  cast-iron  elbow  pipes.  The  conxtri' 
tion  is  shown  in  Figs.  296  to  298 ;  the  boxes  are  8  feet  long,  2  fi- 
6  inches  broad,  5  feet  high  at  one  end  and  6  feet  at  the  other.      Th'. 
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are  cooled  by  allowing  water  to  trickle  first  over  the  cover  and  then 
over  the  sides.  The  last  eight  boxes  are  made  of  wood.  As  the 
bottoms  of  the  iron  boxes  are  constantly  covered  by  a  layer  of  fluid, 
they  are  not  more  strongly  attacked  than  the  sides  ;  in  consequence 
of  this  observation,  the  thickness  of  the  bottom  plates,  which  was 
first  very  great,  has  been  diminished.  Attached  to  the  last  con- 
densers is  a  Roots  blower,  one  to  each  furnace,  which  draws  the  gases 
through  a  wooden  flue  into  a  wooden  tower  15  feet  high  and  4  feet 
in  section.  This  tower  is  filled  with  stones,  over  which  water  trickles, 
so  as  to  condense  the  last  particles  of  mercury.  The  uncondensed 
gases  escape  from  the  tower  through  a  long  flue  to  the  summit  of  a 
hill,  where  they  are  allowed  to 
L^cape  into  the  open  air.  The  rj  ^ 
products  condensed  in  the 
boxes  flow  through  an  open- 
ing at  the  .lower  end  of  the 
inclined  bottom  plates  into 
gutters,  and  thence  into  a  pan, 
from  which  the  mercury  is 
ladled  out,  whilst  the  acid 
waters  are  run  into  settling 
tanks,  in  which  any  metallic 
particles  carried  by  them  are 
dc|)osited.  On  account  of  the 
high  temperature  of  the  gases 
and  vapours  as  they  enter  the  condenser,  the  greater  part  of  the  mercury 
is  deposited  only  in  the  middle  boxes  of  the  series,  whilst  relatively 
large  quantities  of  acid  waters  are  condensed  in  the  last  boxes.  The 
<»rts  are  charged  and  the  residues  drawn  at  intervals  of  an  hour.  In 
nonnal  working  1  ton  is  charged  at  a  time,  so  that  the  furnace  puts 
through  24  tons  in  24  hours,  the  ore  taking  three  days  to  pass 
through  the  furnace.  At  the  Redington  Mine  the  charge  consisted, 
according  to  Egleston,  of  J  to  J  of  coarse  ores  and  J  to  J  of  fines,  the 
average  quicksilver  contents  being  IJ  per  cent.  When  the  larger 
quantities  of  fines  were  charged,  or  when  the  ores  were  damp,  the 
furnace  was  unable  to  treat  more  than  12  tons  per  24  hours.  At  the 
Redington  Mine,  when  good  wood  was  employed,  its  consumption 
aniuunted  per  24  hours  to  1  to  1 J  cords  per  double  furnace,  according 
as  the  charge  contained  more  or  less  fine  ore.  A  single  furnace  treat- 
ing 24  tons  in  24  hours  required  six  men  during  that  time,  a  double 
furnace  treating  48  tons  eight  men,  and  a  block  of  four  furnaces 
treating  100  tons  10' men.     The  removal  of  soot  from  the  condensers 
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and  tubes  took  place  once  a  week;  it  only  takes  a  few  minutes  f«»r 
each  of  the  boxes.  On  account  of  the  powerful  action  of  the  fan, 
no  gas  or  vapours  can  escape  from  the  boxes  during  this  process,  si> 
that  the  health  of  the  men  engaged  in  the  operation  is  not  impaire<i. 
There  are  no  data  as  to  the  losses  of  mercury.  As  already  stated, 
these  Knox  furnaces  are  now  no  longer  built. 

FURNACES   FOR  ORE   FINES 

Hiltiner  and  Scott  Furnaces 

Htittner  and  Scott  have  designed  furnaces  for  the  treatment  ut 
coai-se-grained  ores,  known  as  granzita,  of  3*2  to  1*2  inches  cube,  as 
also  for  the  treatment  of  fine  ore,  known  as  tierras,  less  than  1'2 
inches  cube.  These  furnaces,  which  were  first  introduced  at  Xew 
Almaden  in  the  year  1875,  are  shaft  furnaces  externally  fired,  in 
which  the  free  fall  of  the  ore  through  the  shaft  is  prevented  by  means 
of  inclined  shelves,  sloping  at  an  angle  of  45**  in  alternately  opposite 
directions,  upon  which  the  fine  ore  (the  angle  of  repose  of  which 
amounts  to  33°)  slips  down,  as  in  the  case  of  the  Hasenclever  and 
Helbig  furnace  (Vol.  I.,  p.  107).  In  these  furnaces,  however,  the 
residues  are  not  removed  continuously  as  in  the  last-named  furnace, 
but  are  drawn  out  from  it  at  short  intervals,  either  by  hand  it 
mechanically.  These  furnaces  have  given  excellent  results,  and  are 
largely  used  in  California. 

The  Granziia  Fuimace 

This  furnace  is  distinguished  fi'om  the  tieiTas  furnace  princijKillv 
by  the  interval  between  each  pair  of  alternately  inclined  shelves 
being  greater  than  in  the  case  of  the  latter,  amounting  to  7  inches, 
and  by  the  removal  of  the  residues  being  performed  without  the  nid 
of  shaking  appliances,  as  in  the  case  of  the  tierras  furnace.  The 
capacity  of  the  furnace  depends  upon  the  distance  between  the  low*  r  I 
end  of  a  shelf  and  the  surface  of  the  plate  lying  next  beneath  it 
The  older  furnaces  were  built  with  two  shafts,  whilst  the  lno^t 
recently  built  consist  of  four  shafts  in  one  block,  with  a  common  fir^^ 
place.  The  general  construction  of  the  two-shaft  furnaces  is  shown 
in  Figs.  299  to  301.  Each  shaft  is  fitted  with  shelves  inclin.J 
alternately  at  angles  of  45°.  If  all  the  shelves  are  charged  and  thol 
withdrawing  apertures  are  full  of  ore,  then  the  ore  cannot  ixi?J 
through  the  furnace,  since  the  open  spaces  between  the  shelv..!^ 
are  blocked  with  it.     If  this   happens,  then  a  channel  is  fomu< 
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between  the  ore  lying  on  one  of  the  lower  shelves,  part  of  the  side 
wall  of  the  furnace,  and  the  lower  surface  of  the  shelf  lying  next 
above.  The  gases  from  the  grate  along  with  air  pass  through  this 
channel.  As  soon  as  the  residues  of  distillation  are  drawn  out 
through  the  apertures  provided  for  that  purpose,  the  ore  lying  above 
them  slips  down.  The  topmost  shelves  thus  become  free,  and  are 
then  recharged  with  ore,  the  charging  being  performed  by  means  of 
the  hopper  a.     The  flame  and  air  pass  in  the  opposite  direction  to 
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he  ore,  and  heat  the  shelves  both  below  and  above.  The  gases  are 
ompelled  to  travel  this  particular  path  by  means  of  the  partitions  iv 
nd  w\  made  of  fire-brick ;  from  the  gmte  lying  beneath  the  parti- 
ion  w  they  enter  the  space  g\  and  then  traverse  the  lowest  third  of 
he  furnace  longitudinally.  Being  prevented  by  w  from  rising  up- 
wards in  the  chamber  g\  they  are  compelled  to  traverse  the  second 
bird  of  the  furnace  into  the  chamber  g,  and  from  it  have  to  traverse 
le  remaining  third,  entering  the  pipe  r,  which  leads  them  into  the 
)ndensing  appliances.     Each  shaft  is  27  feet  6  inches  high,  2  feet 
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6  inches  broad,  and  11  feet  6  inches  long.  There  are  ten  inclined 
tiles  on  either  side  of  the  shaft.  The  vertical  chambers  in  which  the 
above-named  partitions  are  arranged  are  2  feet  6  inches  wide.  The 
ore,  which  is  charged  by  means  of  the  hopper  a,  is  passed  through  a 
sieve  of  3*75  by  2*6  inches  mesh.  The  hopper  is  closed  at  its  lowor 
end  by  means  of  a  cone.  The  distillation  residues  are  drawn 
out  at  intervals  of  40  minutes  in  quantities  of  ^  ton  each  time 
for  the  two  shafts,  a  similar  quantity  of  ore  being  charged  in  th»' 
furnace  at  corresponding  intervals.  In  24  hours  the  two  shafts 
together  put  through  18  tons  of  ore  with  a  consumption  of  |  conl  of 
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wood,  three  men  being  engaged  on  the  furnace  per  shift.     In  1888,  thi^ 
furnace  was  in  operation  for  128  days  at  New  Almaden,  and  jmi 
through  2,375  tons  of  ore,  producing  1239  flasks  of  mercury,  equal  t 
an  output  of  1*995  per  cent. 

The  condensing  appliances  are  chambers  built  partly  of  brick- 
work, partly  of  glass  and  wood.  The  condensers  of  glass  am. 
wood  form  the  last  chatnbers  into  which  the  gaseous  ciirrvnt 
enters  after  it  has  been  cooled.  The  construction  of  the  briik 
condensers  is  shown  in  Figs.  302  to  304.  They  consist  of  chambtrsj 
27  feet  high  and  6  feet  broad,  divided  by  a  brick  partition  int4» 
two  divisions.  The  chambers  are  connected  by  means  of  bnokj 
flues  4  feet  square;  for  the  convenience  of  cleaning  them  out,  there 
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are  two  rows  of  openings  2  feet  square  in  the  side  walls.  These  are 
closed  by  iron  plates  in  the  hotter  chambers,  and  by  sliding  windows 
in  the  cooler  ones.  The  floor  is  coated  with  cement,  on  top  of  which 
there  is  a  layer  of  asphalt  in  the  cooler  chambers.  The  floor  is 
inclined  towards  the  centre,  as  also  towards  one  side.  The  walls  of 
the  cooler  chambers  are  coated  with  a  mixture  of  asphalt  and  coal- 
tar.  The  path  of  the  gases  and  vapours  through  the  chambers  is 
indicated  by  arrows ;  they  enter  the  upper  part  of  the  condenser, 
traverse  the  first  division,  enter  the  second  division  from  below, 
traverse  it  and  escape  at  its  upper  end  into  a  second  condenser,  which 
they  traverse  in  the  same  direction,  pass  through  the  following  con- 
densers, and  finally  reach  the  fan.  The  mer  ury  is  deposited  upon 
the  inclined  floor  of  the  chambers,  and  flows  through  a  gutter  in  them 
int^i  an  external  gutter  made  of  brickwork  and  lined  with  asphalt 
from  which  it  runs  into  the  collecting  pans.  Quite  recently  the  walls 
of  these  brick  condensers  have  been  provided  with  so-called  water- 
backs,  consisting  of  cast-iron  boxes  43  inches  long,  16  inches  wide, 
and  14  inches  deep,  in  which  water  circulates.  They. are  provided 
with  an  external  flange  8  inches  broad,  to  which  the  cover  lined 
with  wood  is  bolted.  There  is  a  partition  in  them  which  forces  the 
cold  water,  entering  at  the  bottom  by  jneans  of  four  pipes,  to  circu- 
late. These  water-backs  are  applied  to  the  first  two  chambers ;  they 
have  given  good  results,  and  compel  by  far  the  greater  portion  of  the 
mercury  to  condense  in  the 
first  brick  chamber,  whilst  it 
used  formerly  to  be  deposited 
in  the  fourth  to  the  seventh 
chambers.  Their  life  is  up  to 
four  years.  Chambers  provided 
with  these  water-backs  are  con- 
sidered at  Almaden  to  be  the 
best  of  all  condensing  appli- 
ances, and  have  to  a  great  ex- 
tent replaced  glass  and  wooden 
condensers. 

The  arrangement  of  the 
most  modem  type  of  con- 
denser,   made    of    glass    and 

wood,  of  which  there  are  12  to  15  following  the  brick  condensers, 
is  shown  in  Figs.  306  to  307.  They  are  connected  with  each 
other  alternately  above  and  below,  and  consist  of  towers  25  feet 
high  and  4  feet  square.      They  are    built  of  glass  plates  let  into 
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wooden  frames  and  contain  no  iron  whatever.     The  floor  consists  of 
plates  of  glass  lapping  one  over  the  other  like  the  slates  of  a  roof, 
and  it  inclines  towai'ds  the  side,  at  which  there  is  a  gutter  for  the 
removal  of  the  mercury.     This  gutter  terminates  in  an  earthenware 
pot   for  the   collection   of  the   mercury.     The  roof,  and   the   flues 
uniting  the  towers  are  also  built  of  glass.     The  gases  and  vapours  , 
are  forced  to  alternately  rise  and  descend  in  these  condensers.     Yen 
little  mercury,  but  a  great  deal  of  acid  water,  is  deposited  in  the^e 
condensers,  the  temperature  of  which   varies  from  55°  to  80**  Fahr. 
In  order   that   these   condensers   may  remain  tight,  they  must  bo  \ 
kept  in  continuous  action,  otherwise  the  wood  shrinks  for  want  of 
moisture.      From   the   glass   chambers   the   gases  pass    through    a 
wooden  flue  of  the  construction  described  on  page  364  into  a  tower 
of  brickwork,  from  which  they  are  drawn  off  by  a  Quibal  fan  and 
forced  into  a  stack. 

The  arrangement  of  a  Granzita  Furnace^  with  four  shafts  is 
shown  in  Figs.  308  to  310,  which  represent  a  double  furnace  of 
the  above  kind.  Fig.  308  shows  an  elevation  and  a  vertical  sect  it  m 
on  Z  Z;  Fig.  309  a  vertical  section  on  0  P  Q  R\  Fig.  310  a 
horizontal  section  on  V  W  X  Y,  The  entire  furnace  is  36  feet 
high,  25  feet  6  inches  long  and  17  feet  6  inches  broad.  The  fltK»r 
of  the  furnace  is  rendered  impervious  to  quicksilver  by  mean^  of 
cast-iron  plates  a.  There  are  four  shafts  in  the  furnace,  with  one 
fireplace  common  to  all.  The  dimensions  of  each  shaft  are  27  fett 
high,  11  feet  6  inches  wide  and  26  inches  deep.  The  tiles  upt>i» 
which  the  ore  slips  down  are  inclined  at  an  angle  of  45°,  the  distance 
between  two  tiles  inclined  in  opposite  directions  amounting  t<« 
8  inches.  J^  e/is  the  grate  burning  wood  as  fuel,  and  fired  from  two 
opposite  sides.  The  air  required  for  combustion  is  supplied  by 
means  of  the  pipe  g,  which  traverses  a  portion  of  the  condensing 
chambers,  and  is  thereby  heated ;  it  enters  by  means  of  a  number  i»f 
small  flues  under  the  grate.  The  flame  passes  in  the  same  direction 
as  it  does  in  the  Granzita  furnace  with  two  shafls.  At  the  two  nam)\v 
sides  of  the  shaft  there  are  chambers.  III  and  IV,  with  their  partitions 
m  and  n.  The  flame  passes  from  the  grate  J,  J  in  the  lower  part  A 
chamber  III  up  to  the  partition  m  in  this  chamber,  and  then  pjussis 
through  the  openings  X  into  the  lower  third  of  the  four  shafts,  which 
it  traverses  lengthwise,  escaping  through  the  openings  XI  into  the 
chamber  IV.  In  this  chamber  there  is  a  partition,  ti,  at  two- thirds  of 
its  height,  which  forces  the  gases  and  vapours  to  traverse  the  second 
third  of  the  four  shafts  lengthwise,  entering  the  chamber  III  through 
*  Egleston,  op.  cit.,  p.  877  ;  Etig.  Min,  Joum.^  1885,  p.  174. 
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the  openings   XI,      From  the  latter  chamber   they  enter  the  last 
third  of  the  four  shafts,  traverse  it,  and  pass  into  the  upper  portion  of 
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the  chamber  IV,  from  which  they  are  conveyed  by  the  cast-iron 
pipe  y  into  the  condensers.  The  openings  XI  have  an  inclined 
floor,  so  that  any  soot  collected  in  them  can  slide  down,  the  object 
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being  to  prevent  the  openings  becoming  stopped  up  either  partially 
or  entirely.     In  order  to  keep  all  the  openings  clear,  and  to  prevent  the 
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ore  settling  upon  and  between  the  inclined  tiles,  as  is  apt  to  happt'" 
in  the  case  of  wet  ores,  gas  pipes  3  inches  in  diameter  are  built  int" 
the  wall  .of  the  furnace  opposite  each  partition.     These  pipes  ar^ 
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kept  closed  during  the  operation  by  means  of  clay  plugs,  and 
through  them  iron  bars  L  can  be  introduced,  by  means  of  which  any 
flue-dust  can  be  removed  through  the  doors  M,  Any  ore  that  has 
fritted  on  to  the  topmost  tiles  can  be  removed  by  means  of  the  iron 
rabbles  0,  which  are  attached  to  the  sliding  bar  N\  t  are  the 
charging  hoppers,  the  lower  portion  of  which  is  closed  by  means  of 
slides  controlled  by  a  lever;  v,  are  openings  that  can  b6  closed  by 
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nieans  of  doors,  through  which  the  residues  of  distillation  can  be 
removed  from  the  furnace.  There  are  four  such  openings  on  either 
of  the  longer  sides  of  the  furnace.  The  distillation  residues 
from  the  inner  shafts  fall  direct  upon  the  inclined  floor  of 
the  furnace  which  is  covered  with  cast-iron  plates.  The  distil- 
lation residues  from  the  outer  shafts  fall  upon  the  plate  c,  and  can 
only  drop  on  to  the  bottom  of  the  furnace  after  the  slide  e  is  drawn 
back.     These  residues  are  drawn  out  from  each  side  of  the  furnace 
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at  intervals  of  forty  minutes,  one-eighth  ton  being  removed  from  each 
of  the  eight  openings,  so  that  2  tons  altogether  are  removed  from 
the  furnace  every  80  minutes,  a  corresponding  quantity  of  fresh  ore 
being  charged  at  equal  intervals.  The  ore  remains  for  30  hours  in 
the  furnace,  the  quantity  of  ore  put  through  in  24  hours  amounting 
to  36  tons,  during  which  time  the  furnace  consumes  from  1^  to  IJ 
cords  of  oak  wood.  Five  men  work  a  furnace  in  a  shift  when  it 
alone  is  in  operation.  If  the  above  described  2-shaft  furnace  works 
at  the  same  time,  3  men  are  sufficient.  The  percentage  of  mercun- 
contained  in  the  ores  treated  in  this  furnace  is  often  as  low  as  |  to  I 
per  cent.  In  the  year  1888,  this  furnace  was  in  operation  236  days, 
and  treated  8,420  tons  of  ore,  from  which  3,073  flasks  of  quicksilver 
(54J  lbs.)  were  obtained,  equal  to  1*395  per  cent,  of  mercury.  This 
furnace  is  to  be  preferred  to  the  2-shaft  furnace,  as  may  be  inferred 
from  the  fact  that  the  costs  of  treating  a  ton  of  ore  amount^xi  t<» 
$064,  whilst  in  the  2-shaft  furnace  they  amounted  to  $1.  In  the 
former  furnace  wages  amounted  to  $0*28,  in  the  latter  furnace  t(« 
$0-46.1 

The  condensing  arrangements  consist  of  brick  chambers  and 
chambers  of  glass  and  wood  as  in  the  2-shaft  furnaces.  The  two  first 
brick  chambers  and  the  fourth  chamber  arc  fitted  with  cast-iron  water- 
backs  let  into  the  sides  as  already  described.  The  third  chanibir 
contains  diying  kilns  for  the  fine  ore,  which  promotes  the  cooling  t»f 
the  gases  and  vapours.  There  are  two  water-backs  in  each  of  the 
brick  chambers,  there  being  ten  of  these  altogether,  followed  In 
fifteen  condensers  of  glass  and  wood.  From  the  latter  the  gases  escape 
into  a  brick  tower  and  are  finally  conveyed  by  a  flue  to  the  Guib;\l 
fan,  which  forces  them  into  a  stack.  A  more  recent  furnace  with 
four  shafts  and  condensers  to  correspond,  which  is  capable  of  puttiiiir 
through  50  tons  of  ore  averaging  1  per  cent,  of  mercury  in  24  hours, 
and  which  was  constructed  by  Newcomb,  at  Oathill,  California,  as 
the  outcome  of  many  years*  experience,  is  shown  in  Figs.  311  to  314.- 
Fig.  311  represents  the  plan;  Fig.  312  the  section  on  AB,  and  Fig. 
313  the  section  on  CB  in  Fig.  311,  the  latter  giving  also  a  side  view 
of  the  condensing  chambers ;  Fig.  314  the  horizontal  section  on  i-V 
in  Fig.  313.  The  ore  is  sifted  on  a  grate  at  the  mine  into  lump  ore  and 
fines,  above  and  below  1^  inches  in  size,  respectively.  The  lump  on 
is  crushed  in  stone  breakers  down  to  IJ  inches.  The  fines  from  the 
mine  and  the  stone  breakers  are  charged  into  the  hopper  A,  whence 
they  pass  through  8  doors  t  on  to  the  drying  plates  T,  which  lie 

*  Egleston,  op.  cit.,  pp.  873,  879. 
»  The  Min.  Jnd,,  1899,  p.  582. 
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over  the  first  condensing  chamber  (Fig.  312).  The  drying  space  is 
25  square  feet  in  area  and  slopes  at  30'',  and  the  ore  is  distributed  uni- 
formly over  it  by  workmen  who  stand  on  the  four  steps  Z  (Fig.  312). 
The  dried  ore  is  withdrawn  at  the  lower  end  of  the  plates  through 
the  doors  t'  into  the  gutter  -T,  whence  it  is  filled  into  waggons  and 
run  to  the  furnace  charging  hopper  M.  The  hopper  has  at  its  lower 
end  two  slits  s,  corresponding  in  size  and  position  to  the  whole 
length  of  the  furnace  shaft,  and  capable  of  being  opened  or  closed  by 
slides.  The  ore  is  fed  into  the  furnace  at  intervals  of  an  hour,  the 
charge  being  2  tons.  The  furnace  is  built  of  brick,  has  no  iron 
ciising,  and  is  22  feet  long,  16  feet  wide,  and  37  feet  high.     The 
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'rnito  a  (Figs.  312  and  314)  stretches  from  one  long  side  of  the 
furnace  to  the  other,  and  is  fired  at  both  ends.  Wood  is  used  as 
luol,  2i  cords  being  consumed  in  24  hours:  ii  are  the  four  shafts 

Pig,  314).  The  inclined  shelves  down  which  the  ore  slips  are  9 
r;«'t  long,  and  each  comprises  three  plates  of  fire-clay,  3  feet  long, 
13  inches  wide,  and  3  inches  thick,  the  total  number  of  shelves  in 
?ach  of  the  four  shafts  being  24.  The  distillation  residues  are  with- 
Irawn  from  the  ridge-shaped  floor  of  the  furnace  through  the  doors// 

Figs.  312  and  313),  whence  they  are  taken  in  waggons  to  the  spoil 

i»»ap. 

As  the  lowest  point  of  the  discharging  openings  is  5  feet  below 
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the  grate,  the  residues  are  cool  enough  by  the  time  they  are  ready 
for  drawing.  This  takes  place  every  L5  minutes.  The  furnace  puts 
through  50  tons  of  ore  in  2,000  lb.  charges  every  24  hours ;  the  fiimaco 
holds  40  tons,  so  that  the  ore  remains  in  the  furnace  20  hours.  At  the 
shorter  ends  of  the  4  shafts  are  chambers,  a  and  c  at  one  end,  h  and  d 
at  the  other,  each  chamber  being  separated  from  its  neighbour  by 
a  fire-proof  slide  n,  and  each  connected  to  the  shafts  proper  by  the 
openings  w,  7  inches  high  and  4J  inches  wide.  One  of  the  openings 
is  under  each  inclined  shelf,  and  is  closed  to  the  passage  of  ore  by 
the  ore  itself,  provided  that  this  is  not  set  in  motion  by  the  with- 


FiG.  312. 


drawal  of  the  residues.  Channels  for  the  passage  of  quicksilvtr 
vapour,  air,  and  other  gases  are  formed  by  the  upper  surface  of  thi 
ore,  the  lower  surface  of  the  shelf  next  above  and  the  side  wall  it 
the  furnace,  and  the  openings  vj  at  the  shorter  end  of  these  pa^»gi  ^ 
allow  of  the  escape  or  entry  of  the  gases  and  vapours.  The  ga&e> 
and  hot  air  from  the  grate  and  the  chamber  a,  pass  through  tht't^ 
openings  w  into  the  four  shafts  and  along  these  channels,  escaping  at 
the  end  of  these  through  corresponding  openings  in  the  lower  half 
of  the  chamber  h,  thence  through  the  openings  w  into  the  upper  ha!t 
of  this  chamber,  and  in  like  manner  into  the  lower  half  of  chamber  . 
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the  upper  half  of  the  same  chamber,  and  the  chamber  rf,  escaping 
eventually  from  this  through  the  pipes  y  into  the  first  condenser.  The 
path  of  the  vapours  through  the  shafts  is  shown  by  arrows  in  Fig. 
'312.  The  furnace  is  kept  at  a  cherry-red  heat.  Corresponding  to  the 
openings  for  the  passage  of  vapours,  there  are  holes  in  the  outer 
wall  of  the  furnace  which  serve  as  peep-holes  and  for  the  introduc- 
tion of  tools. 

In  passing  through  the  furnace  the  ore  loses  10  per  cent,  in 
weight;  the  fuel  consumption  is  1  cord  of  wood  per  40  tons  of  ore, 
and  somewhat  less  than  this  for  pyritic  ores.     The  gases  and  vapours 
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eseaping  from  the  chamber  d  pass  through  2  cast-iron  pipes  12  feet 
long  and  2  feet  6  inches  diameter,  into  the  first  condensing  chamber  k, 
and  then  through  five  similar  chambers  into  the  discharge  flue  which 
is  connected  with  the  exhausting  appliances.  The  chambers  are 
made  of  brick  and  are  partitioned  off  by  walls  (shown  by  the  dotted 
lines  in  Figs.  311  and  313)  into  2  compartments.  The  fifth  chamber, 
however,  is  not  so  divided,  owing  to  its  size  and  position.  The  path 
taken  by  the  vapours  through  these  is  shown  in  Fig.  312.  The 
chambers  are  connected  with  one  another  by  cast-iron  pipes  ?/,  and 
the  gases  escape  from  the  last  chamber  through  a  sloping  wooden 
flue  n  (Fig.  313),  60  feet  long  and  2  feet  6  inches  by  2  feet  in  cross 
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section,  into  a  vertical  flue  of  the  same  section  and  40  feet  loDg. 
A  fan  at  the  end  of  this  drives  them  into  the  open  through  & 
chimney  20  feet  high.  Each  condenser,  save  the  fifth,  has  a  capacity 
of  12,400  cubic  feet  and  a  cooling  surface  of  12,000  square  feet.  The 
floors  of  the  condensers  are  slightly  concave  and  slope  towards  the 
openings  yg  (Fig.  312)  for  running  off  the  quicksilver.  -Each  com- 
partment contains  one  such  opening  in  the  form  of  a  light  sliding 
iron  plate,  luted  with  clay.  The  quicksilver  is  run  from  these  openings 
once  a  week  into  the  pots^y  (Figs.  311  and  313).  The  first  chambei 
yields  the  largest  amount  of  the  metal,  the  last  two  but  little.  The 
exhaust  steam  from  the  machine  which  works  the  fan  is  blown  intu 
the  first  condenser  where  it  is  supposed  to  materially  assist  the  con- 
densation. A  large  amount  of  soot  containing  up  to  30  per  cent,  of 
the  total  output  of  mercury,  is  removed  from  the  condensers  along 
with  the  metal  itself,  and  the  loss  of  mercury  is  given  as  5  per  cent. 
Four  men  per  shift  are  needed  for  each  furnace,  two  for  dning 
and  charging  the  ore  and  stoking  the  boiler  of  the  fan-engine,  and 
two  for  firing  the  furnace  and  withdrawing  the  residues.  In  a  second 
furnace  at  these  works  the  distance  between  the  inclined  ore-shelves 
is  3  feet  4  inches. 

The  Tierras  Furnaces, 

These  furnaces  are  similar  in  construction  to  the  Granzita 
furnaces,  except  that  the  interspaces  between  the  inclined  tiles  are 
smaller,  amounting  to  from  3  to  5  inches,  whilst  the  distillation 
residues  are  withdrawn  by  means  of  so-called  shaking  tables  of  cast- 
iron.  Some  furnace  blocks  have  been  built  with  2  rows  of  2  and  others 
with  2  rows  of  3  shafts ;  the  construction  of  the  blocks  containing  o 
shafts  in  the  row  is  shown  in  Figs.  315  and  316.  The  fireplaces  and 
the  arrangements  for  deflecting  the  flames  are  the  same  as  in  tht 
Granzita  furnace.  The  whole  furnace  is  jacketed  with  iron.  The 
interspaces  between  the  tiles  of  the  outer  shafts  are  5  inches  vnAv 
those  of  the  inner  shaft  3  inches.  It  was  thought  that  ores  of  rather 
coarse  grain  (Granzita)  could  be  worked  in  the  outer  shaft. 
Nevertheless  it  was  found  that  the  heat  which  was  quite  sufficient 
for  tierras,  was  not  high  enough  for  the  coarser  ore,  so  that  the 
furnace  is  only  treating  tierras  at  present.  Each  shaft  is  31  fee: 
high,  23  inches  broad,  and  9  feet  long.  The  grate  is  5  feet  above 
the  discharging  openings,  these  being  protected  by  cast-iron  plates: 
their  width  is  3  or  5  inches,  and  they  extend  over  the  total 
length  of  the  furnace.  There  is  one  common  discharging  opening  f<.»r 
every  2  shafts.  Below  them  are  the  cast-iron  shaking  tables,  which  are 
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jarried  upon  wheels  running  upon  rails.  When  these  tables  are 
mraediately  below  the  discharging  openings  they  support  the  dis- 
illation  residues  that  drop  upon  them  until  the  natural  angle  of 
epose  is  reached.  As  soon,  however,  as  the  tables  are  pushed  back- 
wards and  forwards  by  means  of  levers,  the  residues  slide  into  a 
raggon  miming  beneath  them.  The  residues  are  thus  removed 
very  10  to  15  minutes,  a  ton  being  withdrawn  from  every  pair  of 
hafts  in  2  hours,  and  an  equal  quantity  of  fresh  ore  charged. 
The  total  quantity  of  ore,  which  all  the  6  shafts  of  the  furnace  are 
apable  of  putting  through  in  24  hours,  amounts  to  36  tons,  2  J  cords 
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'  wood  being  used  during  that  time.  The  ore  remains  about  34 
>urs  in  the  fiimace.  There  are  three  men  on  the  shift.  In  the 
far  1888  this  furnace  was  in  operation  for  255  days,  treated  9,111 
ns  of  tierras  and  produced  3,078  flasks  of  mercury,  equal  to  an 
itput  of  1*29  per  cent.  The  cost  of  treatment  of  a  ton  of  ore 
nounted  to  $0*72,  half  of  which  was  for  labour  and  half  for  fuel. 

The  double  furnace  with  2  pairs  of  shafts  put  through  24  tons  in 

|.  hours  with  2  men  on  the  shift.     At  first  the  cost  of  treatment 

iT  ton  of  ore  amounted  to  $1'73,  but  later  was  reduced  to  only  one- 

ilf  that  amount.     In  the  year  1888  this  furnace  worked  for  200 

VOL.  II  eg 
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days,  treated  4,737  tons  of  tierras,  and  produced  1,686  flasks  of 
mercury,  equal  to  1*36  per  cent.  Nothing  is  said  with  regard  to 
the  loss  of  mercury. 

The  mercury  is  condensed  in  brick  chambers,  some  of  which  are 
fitted  with  water  backs.  A  portion  of  the  hot  gases  and  vapours 
surrounds  a  drying  kiln  for  the  damp  smalls  and  is  afbenvanls 
introduced  into  condensing  chambers.  These  shelf  drying  kilns  an* 
fitted  with  inclined  tiles  like  the  Tierras  and  Granzita  furnacets 
They  are   fully  described   in  Egleston's  work,  Vol.  II.,   page  871. 

The  Livcrmore  Furnace 

This  furnace  was  introduced  by  C.  E.  Livermore  at  the  Redingt^Tj 
Mine,  Knoxville,  California.  It  consists  of  a  row  of  narrow  channel> 
lying  side  by  side  and  inclined  at  50°,  in  which  the  flame  ascends, 
whilst  the  ore,  the  descent  of  which  is  repeatedly  interrupted,  slidts 
down  upon  the  floor  of  the  channels,  dropping  at  last  into  a  cooling 
chamber.  The  principle  upon  which  the  construction  of  the  furnace 
depends  is  that  of  the  older  zinc  blende  calcining  furnaces  of 
Hasenclever.  The  construction  of  the  furnace  is  shown  inj 
Fig.  317.  S  is  one  of  the  inclined  channels,  the  length  of  whichi 
varies  from  30  to  35  feet  according  to  the  nature  of  the  ore :  the 
width  is  6f  inches,  and  the  height  from  the  floor  to  the  crown  of  the 
arch  12  inches.  There  are  11  to  20  of  these  channels  side  by  sido, 
and  they  are  heated  by  means  of  the  grate  iZ,  which  is  common  to  10 
or  11  of  them.  In  the  channels  there  are  numerous  projections,  r 
built  of  fire-brick  and  made  roof-shaped,  running  across  the  channels 
their  object  being  to  prevent  the  ore  from  sliding  down  too  quickly. 
These  project  5 J  inches  above  the  floor,  and  are  12  incht-s 
apart  from  each  other.  In  the  arch  of  the  channels  there  are  al>' 
projections  built  of  fire-brick  4  inches  in  depth,  placed  half-way 
between  each  pair  of  projections  from  the  floor,  their  object  bting 
to  prevent  the  flame  from  following  straight  along  the  arch,  and  t<» 
force  it  down  upon  the  ores.  The  fire  grates  R  are  24  inches  hi^h 
and  26  inches  broad ;  their  length  depends  upon  the  numbt*r  A 
channels  lying  side  by  side.  Several  fireplaces  are  required  for  a 
large  number,  whilst  one  fireplace  fired  from  both  sides  suffices  K 
10  to  11  channels.  The  firebridge  is  20  inches  above  the  grat<*,  .u^i 
its  top  edge  is  18  inches  below  the  crown  of  the  arch  of  the  chanij'. 
The  ore  is  charged  through  the  hopper  w,  the  lower  end  of  which  t< 
2  inches  square.  If  it  should  become  stopped  up,  it  is  cleared  M 
means  of  iron   bars  introduced  into  the  hopper.     The  distillatiis 
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residues  pass  at  the  lower  end  of  the  channels  through  flues  n  into 
the  cooling  chamber  B,  in  which  they  are  allowed  to  cool  for  awhile, 
and  are  then  removed  in  waggons ;  the  cooling  chamber  is  connected 
with  a  condenser  T  by  means  of  flues  which  collect  any  vapours 
escaping  from  the  hot  residues.  P  is  an  auxiliary  fireplace  for 
heating  the   floor  of  the  channels.     It   has,  however,  been   found 
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unnecessary,  and  it  has  been  omitted  in  the  more  modem  furnaces. 
The  roofe  of  all  the  channels  are  covered  with  ashes  in  order  to 
keep  the  heat  together.  There  are  sight-holes  in  the  lower  portion 
of  the  shafts  in  order  to  enable  the  process  to  be  watched. 

The  vapours  and  gases  escape  from  the  flues  y  into  the  condenser, 
which  consists  of  5  brick  chambers,  2\  10  feet  9  inches  high,  15  feet 
long  and  4  feet  wide,  followed  by  10  Knox-Osborne  condensers, 
which  have  been  described  on  page  370,  and  finally  by  5  wooden 

c  c  2 
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chambers  with  inclined  floors,  8  feet  in  height,  20  feet  in  width,  ( 
feet  high  at  one  side  and  5  feet  at  the  other.  Finally  the  gases  pis 
through  a  long  system  of  flues  into  a  stack. 

In  a  furnace  composed  of  10  to  12  flues,  If  tons  of  ore  are  treatec 
per  flue  in  24  hours,  so  that  the  whole  furnace  treats  from  17i  to  21 
tons ;  in  the  larger  furnaces  each  flue  will  put  through  1  ton  in  2-1 
hours.  The  consumption  of  fuel  in  a  furnace  with  10  to  12  flues  i?' 
from  1^  to  2  cords  of  wood  per  24  hours.  Such  a  furnace  is  workeil 
by  6  men  in  two  12-hour  shifts. 

At  the  Sunderland  Mine  there  is  a  Livermore  furnace  with  VI 
flues,  which  treats  15  to  16  tons  of  ore  in  24  hours.  The  condensing 
appliances  there  consist  of  wrought-iron  tubes  18  inches  in  diameter. 
At  the  Redington  Mine  there  are  furnaces  with  16  to  20  flues 
respectively,  the  latter  putting  through  30  tons  of  ore  in  24  hours. 

The  Czermak  Furnace  {Schiltto/en). 

This  furnace  was  introduced  in  1886  by  Czermak  and  Spirek  int^> 
Idria,  and  has  given  very  satisfactory  results.      It  is  &r  superior 
to  the  long-bedded  calciners,  in  which  a  portion  of  the  fine  ore  i< 
calcined  at  Idria.     The  furnace  consists  of  a  shaft  furnace  with  an 
iron  shell ;  inside  the  shaft  there  are  several  rows  of  ridges  madt 
of  fire-brick,  the  topmost  row  alone  being  of  cast-iron,  upon  which 
the   ore   slides  down.     This  arrangement  somewhat  resembles  the 
Gerstenhofer  calciner,  the  differences  being  that  in  the  latter  the  on^ 
bearers  are  ridge-shaped  below  and   flat  above,  the  hot  gases  risf 
directly  upwards,  and  the  ore  falls  continuously  from  bearer  to  bearer, 
whilst  in  the  Czermak  furnace  (as  in  that  of  HUntner  and  Scott)  the 
gases  take  a  winding  course  upwards,  passing  through  many  horizontal 
channels,  and  the  ore  is  shaken  down  periodically.     The  air  requiriMl 
both  for  the  complete  combustion  of  the  fuel,  as  also  that  require<l 
for  oxidation,  is   heated.     Four   furnaces  are  combined  to  form  a 
block.     In  the  most  modem  furnaces  there  are  5  rows  of  6  ridir*  > 
each,  of  which  the  4  lowermost  rows  are  built  of  fire-brick,  whilst  th* 
upper  one  consists  of  cast-iron.     The  construction  of  a  furnace  with 
only  4  rows  of  ridges  is  shown  in  Figs.  318  and  319.     In  the  fonnor 
u,  u  are  the  ridges  lying   one   beneath   the   other.     They  are  >* 
disposed  that  the  ore  charged  upon  the  topmost  row  of  ridges  slid*- 
gradually  down  their  inclined  faces,  and  reaches  the  bottom  of  th' 
furnace  free  from  mercury.     The  firing  is  done  by  means  of  th- 
grates  hy  i,  of  which  h  is  the  main  grate,  i  an  auxiliary  one.     Tht  j 
flames  fi-om  both  fireplaces  unite  in  the  flue  S*     The  air  required  for 
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the  combustion  of  the  fuel,  as  also  for  the  oxidation  of  the  sulphide 
of  mercury,  is  heated  both  in  the  eHiptical  cast-iron  pipes  a,  and 
in  the  lateral  air  chambers  r.  From  the  pipes  a  the  air  passes  into 
the  air  chamber  M,  and  from  the  latter,  by  means  of  vertical  openings 
in  its  roof,  into  the  flue  5,  in  which  the  gases  evolved  from  the  fuel 


Figs.  818  and  819. 


re  completely  burnt.  Above  the  shaft  8  there  is  a  second  air 
hamber  w,  into  which  air  passes  both  from  the  chamber  r  and  through 
he  openings  g.  The  air  contained  in  this  chamber  enters  the  flue 
'  through  openings  in  the  floor  of  the  chamber  ;  from  that  flue  the 
ro<lucts  of  combustion  with  the  excess  of  air  enter  the  furnace 
[irough  the  openings  y,  y.     Below  these  openings  there  is  a  tier  of 
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smaller  openings  not  shown  in  the  figures,  through  which  the  flamejj 
pass  beneath  the  lowermost  row  of  ridges.  They  rise  at  the  opposite 
end,  traverse  the  space  under  the  second  row  of  ridges,  pass  up  under 
the  third  row,  then  the  fourth,  and  finally  escape  laterally  through 
the  openings  2/",  which  correspond  to  the  spaces  beneath  the  topmost 
row  of  ridges,  whence  they  pass  into  the  flue  T,  which  carries  all  the 
gases  and  vapours  evolved  from  the  furnace  through  the  pipe  V  to 
the  condenser.  The  fine  ore  falling  down  in  the  furnace  finally  drops 
through  the  slots  (?,  s,  in  the  floor  of  the  furnace.  These  slots  can  be 
closed  or  opened  by  a  slide ;  when  closed  no  ore  can  pass  through 
the  furnace,  for  the  ore  blocks  up  the  spaces  between  the  ridges, 
forming  thereby  a  system  of  channels  along  which  the  vapours  pass. 
The  cross  section  of  these  channels  is  shown  in  Fig.  320,^  where  A 

represents  the  channel  formed  by 
an  upper  ridge,  by  the  ore  which 
blocks  the  space  x  between  the 
under  side  of  this  ridge  and  the 
two  lower  ridges  u,  and  by  the  ore 
resting  on  the  neighbouring  halves 
of  the  two  lower  ridges  and  on  the 
apex  S  of  the  ridge  below  these. 
Fio.  320.  The  ore  in  the  lower  half  of  these 

channels  comes  in  direct  contact 
with  the  hot  gases,  and  the  whole  mass  is  heated  by  radiation  and  con 
duction.  If  the  slots  in  the  floor  of  the  furnace  be  now  opened,  the  on 
falls  into  the  sheet-iron  hopper  Q,  and  thence  into  the  spaces  betweei 
the  columns  N,  and  a  corresponding  quantity  slides  down  through  tb 
furnace.  When  this  happens  the  particles  of  ore  become  so  mixe< 
together  in  the  troughs  J  (Fig.  320),  and  especially  in  the  necks  I 
that  there  is  no  chance  of  any  escaping  the  action  of  the  flame  aa 
the  oxidation  by  air.  The  height  of  the  ore  layer  and  the  capacity  <^ 
the  furnace  depend  upon  the  distance  between  the  lowest  edge  of  \ 
ridge  and  the  sloping  tiles  of  the  next  lower-lying  ridges.  Tb 
whole  furnace  stands  upon  a  dish  made  of  riveted  sheet-iron  which  i 
supported  by  means  of  cement  pillars  protected  with  cast-iron  plat<^ 
These  pillars  are  let  into  the  floor,  which  is  carefully  cemented,  juh 
in  which  there  are  cast-iron  tanks,  so  that  any  escape  of  mercurv  i 
at  once  perceived.  The  residues  are  drawn  out,  and  fresh  ort^  '\ 
charged  at  intervals  of  two  hours. 

The   condensing   appliances   consist   of  vertical    pipes  elliptica 

^  Spirek,  Ulmhudria  del   Aterrnrio  in  Itcdia.  Confereriza  tenuta  in    Toriuo  -u  J 
Congre'Mo  Nazioiiale  di  Chimica  Applicato,     Torino,  September,  19(>2,  p.  7. 
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in  cross  section,  made  of  stoneware,  and  cooled  by  means  of  water, 
followed  by  dust  chambers.     The  condensers  were  first  introduced 
by  Czennak  in  1878.     The  pipes  were  of  cast-iron,  and  the  stone- 
ware tubes  ^-inch  thick.     The  individual  portions  of  the  system  of 
tubes  are  connected  by  means  of  cement,  the  whole  system  being 
supported  by  a  wooden  frame.     The  bottom-most  ends  of  the  pipes 
dip  for  2  inches   into   boxes   made   of  iron   and  lined  inside  with 
cement,  and  filled  with  water,  in  which  the  condensed  mercury  and 
soot  collect.     A  furnace  with  four  shafts  is  connected  to  nine  rows 
of  tubes  with  eight  vertical  tubes  in  each.     These  rows  of  tubes  open 
into   dust  chambers  built  of  2-inch  boards,  which  are  made  tight 
by  grooves  and  tongues,  and  cemented  with  a  cement  made  of  quick- 
lime and  linseed  oil.     The  dust  chambers  are  supported  upon  brick 
pillars,  their  floor  being  protected  by  a  layer  of  Portland  cement  2*4 
to  3*2  inches  deep.     The  space  below  the  chambers  forms  a  sump 
for   the    escaping   condensed  water   and  for  the  wash  water.     The 
ground  about  the  condensers  is  concreted,  channels  being  made  in 
the  concrete,  through  which  the  condensed  water  and  wash  water 
can  run    into    the  sumps,  which    are    also   built  of   concrete.     The 
construction  of  the  condensers  for  a  block  consisting  of  4  furnaces, 
the   mode   of  connecting   it    with   the  furnace  and  with  the  dust 
chambers,  as  also  the  construction  of  the  latter,  is  shown  in  Figs.  321 
and  322.      The  gases  and  vapours  from  the  four  separate  furnaces  V 
collect  in  the  gas-main  a,  and  pass  from  it  into  three  branch  pipes  b, 
through  which  they  enter  the  condensers  c.     Below  the  latter  are  the 
boxes  /,  filled  with  water  into  which  the  ends  g  of  the  Y-shaped 
pipes  dip.     Through  these  boxes  mercury  flows  oflF  into  the  cast-iron 
pans  h ;  the  gases  and  vapours  pass  from  the  condensers  d  into  the 
dust  chambers  e,  which  are  provided  with  partition  walls,  and  from 
the   latter   into   the   so-called   central   chambers.     Below  the  dust 
chambers  there  are  brick  sumps  Sy  into  which  the  condensed  water 
and  wash  water  flow  through  the  gutters  r,     P  are  the  brick  pillars 
which  carry  the  dust  chambers.     Fig.  321  shows  the  combination  of 
2  blocks  of  furnaces  with  the  condensers  and  the  dust  chambers. 
The  cleaning  out  of  the  condensers,  that  is  to  say,  the  removal  of  the 
mercury  from  the  stoneware  pipes  into  the  iron  boxes,  is  undertaken 
every  fifth  day,  when  rich  ores  are  treated,  but  only  every  14  days 
when  poor  small  ores  of  the  first  and  second  quality  and  poor  coarse 
ores  are  treated.   According  to  the  results  obtained  in  the  year  1892,^ 
furnace  No.  1  at  Idria  (comprising  4  separate  furnaces)  treated  in 
24  hours  224  t<?ns  of  poor  and  rich  small  ores,  with  a  consumption  of 

*  Mitter,  op.  cit. 


392 


METALLURGY 


130  cubic  feet  of  wood,  and  a  cost  in  wages  of  17«.  9d.  for  even 
10  tons  of  ore.  The  production  of  soot  amounted  to  3'3  per  cent., 
and  that  of  mercury  to  204*2  tons.  In  furnaces  Nos.  2  and  3,  each 
furnace  of  4  shafts  treated  in  24  hours  26  7  tons  of  poor  small  ore 
and  pressed  soot,  with  a  consumption  of  106*5  cubic  feet  of  wood  per 
10  tons  of  ore.     The  cost  of  wages  for  this  quantity  of  ore  amount^t^d 


FioB.  321  and  822. 


to  145.  The  production  of  soot  amounted  to  1*3  per  cent.,  that  of 
mercury  to  117*7  tons.  The  loss  of  mercury  in  this  furnace  wa> 
6*5  per  cent.  Furnaces  erected  later  in  Idria  with  only  two  winding 
paths  for  the  vapours  instead  of  four  did  not  prove  so  successful  a.- 
the  older  furnaces.  Fine  ores  should  as  a  rule  be  treated  in  Czenwak 
furnaces,  unless  they  have  to  be  worked  in  long-bedded  calciners  .»n 
account  of  the  production  of  too  large  quantities  of  flue-dust. 
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The  Czermak'Spirek  Furnace 

The  Czermak  furnace  has  been  improved  by  V.  Spirek  so  far  as 
dicing  the  ores,  distributing  the  air  and  furnace  guises,  and  regulating 
the  gas  current  are  concerned ;  the  improved  furnaces  have  been 
introduced  with  success  in  Italy,  and  are  being  at  present  erected  in 
Almaden. 

The  construction  of  the  large  Czermak-Spirek  furnaces  at  present 
in  use  at  Siele  and  Comacchino,  Monte  Amiata,  is  shown  in  Figs.  323 
to  327.^  This  is  a  double  furnace  divided  into  halves  by  a  wall 
running  along  the  longitudinal  axis,  and  has  the  appearance  of  a 
rectangular  iron  chamber  with  two  small  chambers,  one  on  either 
of  the  shorter  sides.     There  is  a  system  of  oval  openings  which  can 


Fios.  823  and  824. 


be  closed  by  movable  lids  at  each  of  the  longer  sides.  The  side 
chambers  contain  the  grates,  and  the  firing  may  be  either  entirely 
with  fuel  such  as  coal,  lignite,  turf  and  wood,  or  partly  with  gas.  The 
Hue  b  in  the  middle  wall  of  the  furnace  connects  the  two  fire  grates, 
and  serves  as  the  combustion  chamber.  All  the  walls  of  the  furnace 
rest  on  plates  of  iron,  ?m,  n,  turned  up  along  the  edge,  so  that  they  form 
a  reservoir  for  the  reception  of  the  quicksilver  which  distils  down- 
wanls.     This  can  be  tapped  off"  into  pots  standing  below. 

The  plates  7n,  n,  upon  which  the  furnace  is  built,  rest  upon  iron 
pillars  which  are  provided  with  arrangements  for  the  removal  of  the 
distillation  residues.     The  columns  supporting  the  iron  pillars  are 

^  Tfie  Min,  Ind.,  1898,  p.  568  ;  //  Fomo  Czermak-Spirek,  Torino,  1901  ;  Tijxxjrafia 
^'.  V.  Cattwne  mirctMore.  Revinla  La  Chimica  ImliistriaJe  ;  Anno  II.  No.  8,  April, 
190(>. 
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capped  with  cast-iron  plates  to  prevent  the  mercury  from  penetrat- 
ing into  the  foundations.  Each  of  the  two  long  chambers  in  the 
furnace  is  divided  lengthwise  into  three  compartments  by  two  walls  ol 
perforated  stone  pillars,  p^  and  ^2.  smd  similar  pillars  abut  inside  the 
furnace  on  the  middle  wall  and  on  the  two  long  side  walls.  These  pillars 
rest  on  iron  plates  6  inches  wide ;  they  support  the  ore  shelves  or 
ridges  s^,  Sg,  Sg,  and  along  with  these  form  channels.  Thei-e  are 
six  rows  of  ore  shelves  one  above  the  other  in  each  chamber,  the 
lowest  row  comprising  eleven  whole  and  two  half  shelves,  the  second 
row  twelve  whole  shelves,  and  so  on  for  the  other  rows,  the  odd 


n  1  f  [ 


tiiaS^^Lt^^ 


Fig.  825. 


and  the  even  ones  being  respectively  alike.  The  surfaces  of  neigh- 
bouring ridges  form  a  funnel  with  a  short  neck;  as  may  be  seen  from 
Fig.  324,  or  better  still  from  Fig.  320. 

The  ore  rests  4  to  5  inches  thick  on  the  sloping  shelves,  and  slips 
down  periodically  as  the  residues  are  removed  from  the  bottom  of  the 
furnace,  exactly  in  the  manner  described  for  the  Czermak  furnace. 
The  residues  are  withdrawn  by  the  discharging  arrangenaent  A 
(Fig.  327),  the  lower  slots  of  which,  by  movement  of  the  lever  t,  are 
brought  in  correspondence  with  slots  in  the  slide  A.  The  residues 
fall  through  the  openings  into  the  tipping  boxes  i,  and  thence 
into  channels,  where  they  are  washed  away  by  water.  The  furnace 
gases  leave  the  combustion  chamber  h  and  pass  through  the  lowest 
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row  of  channels,  each  of  which  is  formed  by  three  ridges  s,,  Sg,  and  S3, 
placed  one  behind  the  other,  by  the  corresponding  pillars  of  the 
partitions,  the  side  walls  and  the  middle  wall,  and  by  the  ore  which 
blocks  up  the  spaces  between  the  tiles,  in  the  manner  shown  in 
Fig.  320.  The  cross  section  of  these  channels,  as  seen  in  the  same 
figure,  is  that  of  a  diamond.  The  gases  pass  from  this  lowest  row  of 
channels,  which  they  traverse  lengthwise,  into  a  vertical  flue  in  the 
side  wall.  This  opens  into  the  next  higher  row  of  channels  by  two 
window-like  openings,  whereby  the  stream  of  gas  is  divided  into  two, 


Pio.  826. 


each  entering  one  of  the  upper  channels.  In  this  way  each  higher 
Ij^ng  channel  contains  half  the  vapours  which  pass  through  the 
lower  one,  so  that  constant  mixing  of  the  vapours,  uniform  heating  of 
the  charge,  and  a  regular  distillation  are  eflFected.  After  traversing 
the  second  row  of  channels,  the  gases  rise  through  vertical  flues  d  and 
2  in  the  middle  wall,  are  divided  in  similar  fashion  in  the  third  row, 
escape  from  this  through  the  fourth  row,  and  eventually  reach  the 
main  flue  e.  Thence  they  pass  through  two  cast-iron  pipes  e^  into 
the  distributor  e^,  and  thence  into  the  condensers  through  eight 
outlets. 

The  flue  b  has  twelve  openings  on  each  side  for  the  escape  of  the 
furnace  gases  into  two  chambers.     The  path  taken  by  the  gases  in 
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the  four  rows  of  channels  is  4  x  6  ft.  3  ins.  =  25  feet  long.  The  ore- 
drying  chamber  is  immediately  above  the  channels,  and  like  them  k 
composed  of  ridge-like  shelves.  The  water  vapour  given  off  in  drying 
is  led  away  by  a  separate  flue.  If  the  ore  does  not  slip  through  the 
furnace  fast  enough,  then  distillation  vapours  escape  from  the  fourth 
row  of  channels  into  the  drying  chamber,  and  are  led  to  the  condensenii 
through  the  flues/ and /g  and  through  two  special  pipes.  The  ore  is 
completely  freed  from  water  in  the  drying-room,  and  so  much  heat  is 
absorbed  in  this  process  that  the  temperature  of  the  gases  which 


Fio.  327. 


heat  this  chamber  is  brought  down  to  360°  C.     By  means  of  this 
device  it  is  possible  to  treat  clayey  ores  in  this  furnace. 

The  space  for  the  reception  of  the  distillation  residues  is  under 
the  bottommost  row  of  channels  and  is  roofed  by  the  ridges  of  thes*\ 
It  is  connected  with  these  channels,  and  also  with  the  flue  ft,  bv 
veVtical  flues  in  the  side  walls,  this  arrangement  ensuring  on  the  one 
hand  the  drawing-ofF  of  any  mercury  vapours,  and  on  the  other  the 
decomposition  of  any  unaltered  cinnabar  in  the  residues.  The  spice 
for  the  residues  in  each  chamber  is  provided  with  twelve  cast-iron  pipes 
of  elliptical  section,  which  serve  for  warming  the  air  for  combustion 
and  for  cooling  the  residues  to  a  temperature  of  less  than  100''  C 
The  air  heated  in  these  pipes  to  over  300°  C.  passes  through  the  air 
chamber  a  to  the  fire  grates  and  thence  into  the  combustion  chamber 
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and  the  flue  e.  The  furnace  gases  are  mixed  with  previously  heated  air 
in  the  combustion  chamber  6,  so  that  complete  combustion  is  made 
possible.  As  the  two  grates  arc  fired  alternately,  the  production  of  soot 
is  greatly  lessened.    Uniform  distribution  of  the  furnace  gases  in  the 
twenty-four  channels  of  the  furnace  is  brought  about  by  means  of  the 
fire-brick  slides  ^,  which  work  in  the  upright  flues  of  the  side  walls 
of  the  furnace.   Sight  holes  t  in  the  side  walls  enable  the  process  inside 
the  furnace  to  be  observed,  and  allow  of  the  introduction  of  iron  bars 
to  remove  obstructions.     In  the  two  lower  rows,  where  the  tempera- 
ture attains  to  600-800°  C.  and  the  ore  tends  to  sinter,  fi-equent 
observations  must  be  made  and  any  blockage  cleared  away,  but  in 
the  two  upper  rows  of  channels,  where  the  temperature  is  only  from 
400-600°  C,  the  ore  slips  down  without  hindrance.     The  tempera- 
ture in  the  combustion  chamber  is  800-900°  C,  in  the  lowest  row  of 
channels  700-800°  C,  in  the  second  row  500-600°  C,  in  the  third 
mw  500°  C.,in  the  fourth  row  360-400°  C.,and  in  the  main  flues  and 
eclucts  200-360°  C.     The  drying-room,  heated  from  below  by  furnace 
gases,  has  a  temperature  of  100-200°  C. ;   it  is  charged  with  ore 
through  openings  in  the  roof,  and  ore  is  piled  1  foot  thick  above 
these  openings  so  that  no  vapours  can  escape.     If  crusts  of  ore  form 
in  the  upper  part  of  the  charge  they  are  broken  up  with  thin  iron 
bars,  and  the  ore  then  sinks  into  the  chamber  proper. 

The  percentage  composition  of  the  gases  leaving  the  furnace, 
apart  from  their  mercury  content,  is  given  by  Spirek  as  follows : — 

I. 

COj 16 

CO 2 

Air 26 

N 54 

The  pressure  of  the  vapours  within  the  furnace  is  kept  below  that 
•f  the  atmosphere  by  means  of  a  fan,  the  difference  of  pressure  for 
he  escaping  gases  being  about  4  inches  of  water.  The  ores  treated 
t  Siele  and  Cornacchino  in  these  furnaces  are  up  to  1^  inches  in 
ize ;  those  above  this  in  size  are  treated  in  shaft  furnaces  as  lump 
re.  If  the  moisture  exceeds  7  per  cent.,  ore  destined  for  the 
*zermak  furnaces  must  be  specially  dried,  either  by  the  sun  in 
Limmer  or  on  separate  drying  hearths  in  winter,  before  being  charged 
ito  the  drying  chambers. 

The  capacity  of  the  furnace  depends  on  the  nature  of  the  ore  and 
le  mercury  content.  The  poor  clayey  ores  at  Siele  are  withdrawn 
om  the  furnace  every  3  hours,  the  sandy  and  calcareous  ^ores  at 
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Comacchino  every  2  hours,  so  that  the  capacity  per  24  hours  is  12-16 
tons  at  Siele  and  20-26  tons  at  Cornacchino.  The  furnace  alway^s 
contains  45  tons,  so  that  the  ore  remains  in  it  89  and  41  houre 
respectively.  Two  men  are  needed  to  work  the  furnace,  one  for  firing, 
the  other  for  charging,  in  a  12-hour  shift. 

Besides  the  large  Czermak-Spirek  furnaces,  there  are  others  of 
intermediate  size  and  small  ones  in  use  in  Italy.  The  former  at 
Montebuono,  with  six  rows  of  ridges,  put  through  8-12  tons  of  ore  in 
24  hours ;  the  latter  serve  for  the  treatment  of  richer  ores  and  thost' 


Figs.  328— S30. 


residues  containing  15-30  per  cent,  of  mercury  which  are  got  by 
compression  of  the  soot.  The  dimensions  of  the  small  furnaces  an 
only  yVth  those  of  the  large  ones,  and  are  conditioned  by  the  smaller 
quantity  of  rich  ores  at  disposal.  It  is  found  more  profitable  to  treat 
the  rich  ores  by  themselves  than  along  with  the  poor  ores;  less  fiiei 
is  consumed  thereby,  and  the  yield  of  quicksilver  is  good,  amounting 
even  in  the  first  condenser  to  90  per  cent.  The  ores  treated  in  the>< 
various  furnaces  contain  from  0*4  to  86  per  cent,  of  mercury. 

The  condensers  in  use  are  those  introduced  by  Czermak  in  187S , 
their  construction  is  shown  in  Figs.  328  to  330.     They  consist  of  cas^t- 
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iron  pipes  of  elliptical  section,  protected  against  acid  liquors  by  a 
lining  of  concrete.  By  means  of  these  pipes  the  vapours  are  speedily 
cooled  to  100°  C.  The  flue  coming  fix)m  the  furnace  is  shown  at  a  : 
6,  h  are  U-shaped  pipes  from  which  the  vapours  escape  into  the  wooden 
flue  H.  In  the  case  of  the  large  furnaces  the  condenser  is  divided  into 
two  portions  connected  by  a  wooden  flue,  and  these  are  cleaned  out 
alternately,  one  part  weekly,  the  other  monthly.  This  can  be 
done  without  diflSculty  by  cutting  out  one-half  of  the  condenser 
by  means  of  slides  at  the  beginning  and  end  of  each  row  of  pipes. 
The  lid  is  removed  from  the  part  which  has  been  put  out  of 
action,  and  the  now  open  pipes  are  cleaned  out  with  scrapers, 
besoms,  and  finally  with  a  jet  of  water.  The  gases  escape  from  the 
second  condenser  into  wooden  flues  not  more  than  6  feet  high,  and 
placed  for  convenience  sake  about  6  feet  above  the  ground.  These 
replace  the  condensation  chambers,  and  collect  a  poor  soot  from  which 
yearly  about  4,400  lbs.  of  quicksilver  are  extracted.  The  quicksilver 
losses  in  this  method  of  working  amount  to  6  per  cent,  when  the 
condensers  are  new,  but  only  from  4  to  5  per  cent,  when  the  con- 
densers have  become  permeated  with  the  mercury.  The  costs  of 
furnace  and  condenser  for  the  three  sizes  of  furnace  mentioned  above 
are  38,000,  32,000,  and  5,000  francs  respectively.  At  Siele,  where  ores 
averaging  12  per  cent,  of  mercury  are  treated,  the  amount  of  ore 
worked  oflF  daily  per  furnace  is  16,  8,  and  2  tons  for  furnaces  of  large, 
medium,  and  small  size  respectively.  Besides  the  Czermak-Spirek 
furnaces  mentioned  above,  there  are  in  use  at  present  a  large  and  a 
small  one  at  Comacchino,  a  medium-sized  one  at  Montebuono,  and 
two  large  and  two  small  ones  at  Abbadia,  S.  Salvadore. 

The  Extraction  of  Mercury  in  Reverheratory  Furnaces 

Reverberatory  furnaces  are  inferior  to  the  above  described  shaft 
furnaces  in  every  respect.  They  are  employed  for  small  ore  which 
yields  too  much  flue  dust  when  treated  in  shaft  furnaces ;  also  for 
e(»arser  ore  which  decrepitates  readily  in  the  shaft  furnace,  and  for 
orCvS  that  readily  sinter.  The  first  reverberatory  furnaces  were  con- 
structed in  1842  by  Alberti  in  Idria.  The  last  of  these  Alberti 
furnaces  was  discontinued  in  the  year  1887.  In  1871,  the  first  iron- 
clad reverberatory  furnaces  heated  from  beneath  the  hearth  were 
built  at  Idria  by  Exeli,  which  were  followed  in  the  year  1879  by 
Czennak's  long-bedded  calciners.  The  latter  were  remodelled  in 
1888  by  Spirek,  and  thus  received  their  present  form.  If  the  nature 
of  the  ore  necessitates  the  employment  of  reverberatory  furnaces, 
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long-bedded  calciners  should  as  a  rule  be  employed.  The  Alberti 
furnace,  the  Exeli  reverberatory  furnace,  and  the  reverberatorv 
furnace  at  present  employed  in  Idria  will  be  considered  in  some 
detail.  Reverberatory  furnaces  are  not  in  use  either  in  Spain  or  in 
America. 

The  Alberti  Furnace 

The  construction  of  these  furnaces  is  shown  in  Figs.  331  to  1^3, 
which  represent  two  furnaces  lying  side  by  side,     a  is  the  firegrate. 


rS    .::'y^''\  ^*itpjiurJ.niMi  u^jiM^  ^ 


Fig.  831. 

/  the  hearth  13  feet  6  inches  long  and  7  feet  3  inches  broad ;  p  is  the 

working  door,  c  a  chamber  into  which  the 
distillation  residues  can  be  emptied,  d  the 
charging  hopper  provided  with  a  slide.  The 
gases  and  vapours  first  pass  into  the  brick 
chambers^,  then  through  the  iron  pipe  h,Ti\ 
inches  in  diameter,  into  the  brick  chamber 
iy  after  which  they  traverse  the  chamber; 
k,  I,  m,  pass  from  the  latter  by  means  of  the 
iron  pipes  ti,  into  the  chambers  o,  and  lastly 
into  the  stack.  In  the  latter  there  art 
compartments  p,  q,  r,  which  the  gases  arc 
compelled  to  traverse  before  being  alloweJ 
to  escape,  which  they  do  through  the  open- 
ings s.  Water  is  allowed  to  trickle  upon 
the  iron  pipes ;  t  are  manholes.  The  quick- 
silver collects  in  reservoirs  built  in  the  brickwork  of  the  chambers. 
The  soot  is  deposited  in  the  iron  pipes  and  in  the  chambers,  and  i> 
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removed  from  them  from  time  to  time.  In  this  furnace,  ore  fines 
with  1  per  cent,  of  mercury  and  also  soot  were  treated.  The  ftimace 
received  charges  of  1*1  tons,  three  of  which  were  always  in  the 
furnace  at  the  same  time.     These  charges  were  drawn  and  pushed 
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forward  every  4  hours.  In  24  hours,  6*6  tons  of  ore  were  treated 
with  a  fuel  consumption  of  106  cubic  feet  of  wood,  or  of  from 
06  to  0'7  ton  of  lignite.  The  loss  of  mercury  amounted  to  1480 
per  cent,  when  treating  coarse  small  ore  containing  0*4  to  06  per 
cent,  of  mercury.  There  were  12  of  these  furnaces  in  Idria,  which 
have  been,  as  mentioned  above,  replaced  by  the  iron-clad  calciners. 


Iron-dad  Beverheratm^  Fiirnaccs. 

The  first  of  these  iron-clad,  long-bedded  calciners  were  built  in 
1871  by  Exeli,  and  were  used  up  to  1877  for  treating  the  rich  soot 
residues  and  ores.  The  construction  of  this  furnace  is  shown  in 
Figs.  334  and  335,  in  which  g  is  the  grate  ;  the  flame  traverses  first 
the  flues  a  beneath  the  bed  of  the  hearth,  and  then  passes  through 
the  aperture  o  and  over  the  hearth  6,  20  feet  long  and  7  feet  3  inches 
>road.  After  having  passed  over  the  latter,  the  products  of  com- 
)ustion,  together  with  the  other  gases  and  vapours,  enter  the  cast- 
ron  box  h,  cooled  by  a  stream  of  water,  the  floor  of  which  is  steeply 
nclined  and  covered  with  cement.  The  quicksilver,  which  condenses 
n  it  in  considerable  quantity,  collects  in  the  pan  fe  The  gases  and 
incondensed  vapours  pass  into  3  rows,  lying  side  by  side,  of  cast- 
ron  Y-shaped  pipes,  18 J  inches  in  diameter,  which  are  provided  with 
ast-iron  boxes  8  for  the  collection  of  soot  and  mercury.  From  the 
>ipes  the  gases-  enter  2  brick  condensing  chambers,  and  from  the 
atter  they  pass  into  a  system  of  flues  common  to  all  the  chambers, 
Jid  thence  into  the  stack;  d  and  n  are  working  doors;  c  is  the 
harging  hopper.     The  distillation  residues  are  dropped  through  the 
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opening  o  into  the  pocket  z,  and  drawn  off  at  e.  This  furnace,  which 
treated  rich  materials,  namely,  ores  containing  3  to  10  per  cent,  of 
mercury  and  soot  residues,  put  through  in  24  hours  from  2J  to  5 
tons  of  ore  according  to  their  contents  of  mercury,  with  a  consump- 
tion of  106  cubic  feet  of  wood.  The  loss  of  mercury  amounted  U) 
10  to  12  per  cent. 

This  furnace  was  superseded  in  1888  by  the  Czermak  furnace  a.^ 
altered  by  Spirek,  which  is  the  furnace  now  employed.  Its  con- 
struction is  shown  in  Figs.  336  to  339,  Fig.  336  showing  a  longi- 
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tudinal  section,  338  a  plan,  337  a  cross  section  on  the  line  A-B,  arni 
339  a  cross  section  on  the  line  C-D,  Two  furnaces  are  united  in  one' 
block.  The  furnace  stands  on  a  dish  of  riveted  sheet-iron ;  a  is  the 
firegrate ;  the  flame  passes  in  flues  /;  under  the  bottom  of  the  furnacv 
and  then  passes  over  the  hearth  c,  which  is  18  feet  long  and  7  fet^t  o 
inches  wide,  and  is  built  of  tiles  1*2  to  1*6  inches  thick.  The  gast> 
and  vapours  pass  through  3  openings  into  the  condensing  applianct^, 
which  consist  of  a  series  of  tubes  made  of  glazed  stoneware  followt^ 
by  wooden  chambers;  t  is  the  charging  hopper.  The  distillation 
residues  are  drawn  off  at  z.  The  condensers,  consisting  of  Y-shapei 
tubes,  are  similar  to  those  in  the  Idrian  furnaces  and    the  shat: 


MERCURY 


403 


furnaces,  except  that  there  are  only  4  rows  of  tubes  with  6  tubes  in 
each.  The  construction  of  the  condensers  and  the  method  of  con- 
necting them  with  the  furnaces  and  the  dust  chambers  is  shown  in 
Figs.  340  and  341.  The  method  of  connecting  this  furnace,  each  pair 
of  which  forms  one  block,  with  the  condensers  and  the  dust  chambers 
is  shown  in  Fig.  341,  in  which  0,  0  are  the  furnaces,  and  a,  a  are  the 
outlet  pipes  through  which  the  gases  and  vapours  from  the  furnace 
enter  the  distributing  pipe  b;  c,  c  are  the  vertical  condensing  pipes, 
and  d,  d  the  dust  chambers.  The  latter  are  made  of  boards  2  inches 
thick,  and  are  supported  on  brick  pillars  p,  the  floor  of  the  chambers 
being  protected  by  a  layer  of  Portland  cement  2*4  to  3*2  inches  thick. 
The  floor  beneath  the  condensers  is  concreted,  there  being  gutters  in 
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the  concrete  by  means  of  which  the  condensed  water  and  the  wash- 
water  is  run  into  sumps.  The  latter  are  also  built  of  concrete  and  are 
cemented  twice  a  year.  The  condensers  are  cleaned  out  every  fort- 
night. These  calcination  furnaces  serve  for  the  treatment  of  fine  ores 
making  very  much  dust  and  of  ores  that  decrepitate  in  shaft  furnaces, 
it  being  impossible  to  treat  these  classes  of  ore  in  any  form  of  shaft 
furnace.     The  residues  are  drawn  out  and  new  ore  is  charged  every 
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2  J  hours.  These  furnaces  treat  in  24  hours  6*6  tons  of  poor  ore  and  soot. 
The  consumption  of  fuel  amounts  to  148  cubic  feet  of  wood  per  10 
tons  of  ore.     A  pair  of  furnaces  is  served  by  3  men  in  an  8-hour  shift, 
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viz.,  one  fireman,  one  labourer  for  wheeling  in  ores,  and  one  for  n^- 
moving  the  residues ;  wages  vary  from  20^;.  to  22s.  per  10  tons  of  ore. 
The  production  of  soot  amounts  to  19  per  cent.     The  loss  of  mercur} 
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is  8  to  9  per  cent.  It  is  evident  from  these  figures  that  these  rever- 
beratory  furnaces  are  more  expensive  to  work  than  the  Idrian 
furnaces.  On  account,  however,  of  the  reasons  above  given,  their 
employment  cannot  be  dispensed  with. 
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The  arrangement  of  a  recent  calciner  with  condensers  as  designf<i 
by  Spirek  and  used  at  Taghit,  in  Algeria,  for  the  treatment  "I 
mercury -bearing  lead  ores,  is  shown  in  Figs.  342-349.^  These  figun- 
are  self-explanatory.     Nos.  342  and  343  give  a  longitudinal  view  "1 

1  Communicated  by  the  director  at  Siele,  Herr  Spirek. 
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the  furnace  with  Czermak  condensers  and  wooden  flues,  344  is  a 
plan  of  the  furnace  and  grate,  345-347   are   sections   at  different 
places,  348  is  the  back   view  of  the  furnace, 
and  349  the  section  through  the  condenser. 

Extraction  of  Mercury  in  Shaft  Furnaces 
Proper. 

Shaft    furnaces   proper,  or   those    furnaces 
in  which  ore  and  fuel  come  into  direct  contact, 
work  continuously,  and  when  carbonised  fuel  is 
employed    have   the  advantage,  as    compared 
with  externally  fired  furnaces,  that  the  produc- 
tion  of  mercurial   soot   (on  account  of  there 
being  no  carbonaceous  soot  present  in  the  pro- 
ducts of  combustion)  is  a  very  small  one,  in  con- 
sequence of  which  the  direct  production  of  mer- 
cury is  comparatively  high.     They  should,  therefore,  be  used  as  a  rule 
for  the  treatment  of  lump  ores  in  those  cases  in  which  carbonised  fuel, 
especially  charcoal,  can  be  cheaply  obtained.     They  are  suitable  both 
for  lump  ores  and  for  briquettes  made  of  small  ore;  they  are  used  with 
satisfactory  results  at  Monte  Amiata  in  Tuscany  and  at  Idria,  where 
the  externally  fired  furnaces  of  Exeli  and  Langer  have  been  converted 
into  true  shaft  furnaces  by  bricking  up  their  fireplaces.     In  addition  to 
these,  shaft  furnaces  are  used  at  Ripa,Castellazara,  and  Valalta  in  Italy, 
as  also  at  St.  Annathal,  near  Neumarktl  in  Carniola.     At  Almaden 
they  have  only  been  used  experimentally  (Pellet  furnace).     The  oldest 
shaft  furnace  is  the  so-called  Hahner  furnace,  which  was  introduced  in 
the  year  1849  in  Idria,  where  it  was  in  operation  up  to  1852.     The 
construction  of  the  Idrian  Hahner  furnace  is  shown  in  Figs.  350  to 
352,  in  which  k  is  the  shaft  36  feet  high  and  4  feet  in  diameter ;  m  is 
an  inclined  movable  grate  upon  which  the  column  of  ore  rests.    In  order 
to  remove  the  distillation  residues,  a  certain  number  of  the  firebars 
can  be  withdrawn,  so  that  the  former  can  drop  into  waggons  placed 
below  the  grate ;  n  is  the  charging  hopper ;  a  are  brick  condensing 
chambers  with  concave  floors  inclined  to  one  side  in  order  to  enable 
the  mercury  to  run  off.     The  chambers  are  provided  with  a  roof  of  cast 
iron  cooled  with  water ;  they  are  18  feet  6  inches  high,  6  feet  broad,  and 
4  feet  3  inches  long ;  p  and  q  are  sections  of  the  stack,  which  is  6  feet  3 
i  nches  by  4  feet  in  plan.  Alternate  layers  of  ore  and  charcoal  are  charged 
inU)  this  furnace.      At  intervals  of  li  hours  the  distillation  residues 
are  removed  and  a  corresponding  quantity  of  fresh  ore  charged.    This 
furnace  was  replaced  by  the  Valalta  furnace,  to  be  ^described  presently. 
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The  furnace  at  Castellazara,  near  Santafiori  in  Tuscany,  is  shown 
in  Fig.  352.  The  shaft  has  a  height  of  7  feet  3  inches  above  the 
grate,  its  diameter  being  15|  inches.     The  distillation  residues  an 
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Figs.  S50  and. 851. 


withdrawn  through  a  lateral  opening  above  the  grate.  The  gases  and 
vapours  traverse  three  condensing  chambers  one  after  the  other,  tht 
floors   of  which  are  formed  of  cast-iron   pans.     The    mercury  that 
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settles  in  the  latter  is  drawn  off  by  means  of  pipes  provided  with 
cocks  into  waggons  placed  beneath  them.  From  the  last  condensing 
chambers,   the   gases  and  vapours   enter   another  chamber    &,  and 
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thence  pass  to  the  stack  c.     Ores  were  treated  in  this  furnace  which 
contained  from  OS  to  0*4  per  cent,  of  mercury. 

The  furnace  of  Valalta  in  Venice/  which  was  used  also  at  Idria 
from  1868  to  1878,  is  provided  with  wooden  condensing  flues  cooled 
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bv  water.  Its  construction  is  shown  in  Fig.  353 ;  a  is  the  shaft, 
21  feet  4  inches  high  and  4  feet  broad.  The  gases  and  vapours  pass 
through  the  chambers  b  and  c  into  the  wooden  pipe  d,  3  feet  3  inches 


Fig.  854. 

broad  and  50  feet  6  inches  long,  thence  into  the  chambers  e,  / 
and  g,  from  the  latter  of  which  it  passes  into  the  upper  wooden 
pipe  h,  also  cooled  by  water,  which  possesses  the  same  dimensions 
as   the  lower  pipe.     From  this  it  enters  the  chamber  ?,  and  thence 

1   OtsUrr.   ZeUnch.,  1862,  p.  195;   Berg-  und  HiUtenm.  ZUj.,  1864,  p.  284;    1868, 
p.  32 ;  Bng,  and  Min.  J<mm.y  1872,  vol.  xiv.,  Nos.  11  and  12. 
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the  stack  k.  The  pipes  are  short,  conical  in  shape,  and  set  one 
into  the  other.  The  draught  is  produced  by  means  of  a  wattr 
trompe  p,  connected  with  the  stack,  in  the  water  tube  o  of  which 
the  last  portions  of  mercury  are  collected.  These  furnaces  treat 
in  24  hours  9  tons  of  ore  containing  0*45  per  cent,  of  mercury,  with 
a  consumption  of  fuel  equal  to  20  per  cent.  The  loss  of  mercurj*  is 
said  to  amount  to  22*3  per  cent. 

The  furnace  at  St.  Annathal,  Camiola,^  is  shown  in  Fig.  354.  It 
is  square  in  horizontal  cross  section,  4  feet  by  4  feet,  its  height 
amounting  to  30  feet  6  inches.  The  gases  and  vapours  traverse  two 
rows  of  cast-iron  pipes  contained  in  a  cooling  chamber  k,  and  thenct 
pass  through  wooden  pipes  /  into  a  chamber  g.  The  latter  is  con- 
nected to  a  water  trompe  which  produces  the  requisite  draught 
The  greater  part  of  the  mercury  is  collected  in  the  box  d,  and  the 
distillation  residues  are  removed  through  man-holes  m,  of  w^hich 
there  are  three.  The  ore  contains  0*8  per  cent,  of  mercury ;  it  remains 
for  46  hours  in  the  furnace,  which  takes  23  charges  of  11*2  cubic- 
feet  of  ore  and  1*76  cubic  feet  of  charcoal.  The  distillation  residue^ 
are  removed  from  the  furnace  every  two  hours,  when  a  correspondinjj 
quantity  of  fresh  ore  is  charged. 

The  furnace  built  at  Idria  in  1888,  which  was  replaced  in  1892 
by  the  now  Novak  shaft  furnace  on  account  of  its  unsatisiacton* 
results,  is  shown  in  Figs.  355  to  357.  A  is  the  shaft,  £  being  the 
shaft  lining,  C  the  retaining  wall,  JD  the  iron  casing  ;  G  are  cast-iron 
columns  which  support  the  shaft;  -fc'is  the  charging  apparatus;  F,  F 
are  openings  through  which  the  distillation  residues  are  drawn  out  uf 
the  furnace.  The  gases  and  vapours  pass  through  the  tube  IF  mU> 
the  Czermak  condenser,  which  consists  of  Y-shaped  tubes  J,  made  of 
clay.  The  condensed  mercury  collects  in  the  vessel  £,  which  is  filial 
with  water.  From  the  condensing  tubes  the  gases  and  vapours  pas^ 
into  the  brick  chambers  K, 

This  furnace  was  replaced  in  1892  by  the  very  successful  new 
Novak  furnace.  This  is  rectangular  in  cross  section  and  has  four 
openings  for  the  removal  of  the  residues.  The  retaining  wall  is 
24  inches  thick,  the  inner  wall  8  inches.  The  construction  and 
dimensions  are  shown  in  Figs.  358  and  359.  Three  of  these  furnaces: 
are  united  to  form  a  block  ;  a  are  the  openings  for  drawing  off  thi 
residues,  b  is  a  roof-shaped  ridge  on  the  bottom  pierced  with  nunn»n»u< 
small  openings.  Through  the  latter,  air  enters  from  the  bottom  •* 
the  furnace  and,  thus  heated,  passes  into  the  furnace  through  th»' 
above-named  holes  ;  c  is  the  charging  hopper,  d  the  escape  pipe  f  r 
^  KanUhentr  ZtitHch.,  1877,  p.  332. 
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the  gases  and  vapours,  which  thence  enter  the  stoneware  condensers 
and  pass  onwards  into  dust  chambers.     In  this  furnace  poor  ore  down 


Figs.  858  and  359. 


to  0'67  inch  mesh  is  treated,  together 
with  pressed  soot ;  the  furnace, 
which  is  charged  every  two  hours, 
will  put  through  121  tons  of  ore 
in  24  hours.  For  10  tons  of  ore 
1*6  tons  of  charcoal  are  consumed. 
42  men  are  employed  for  two  shaft 
furnaces  on  an  8- hour  shift.  The 
cost  of  wages  per  10  tons  of  ore 
amounts  to  13^.  ^d.  The  production 
of  soot  amounts  to  0'5  per  cent., 
the  loss  of  mercury  to  7  to  8  per 
cent.  The  condensers,  as  in  the  other  Idrian  furnaces,  consist  of 
Y-shaped  tubes  of  stoneware  cooled  by  water.     They  are  oblong  in 
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cross  section,  08  inch  thick,  and  are  supported  in  wooden  frames. 
The  various  pipes  are  joined  together  by  means  of  cement.  The 
lower  contracted  branches  dip  for  about  two  inches  into  water 
contained  in  cast-iron  boxes,  which  are  lined  with  cement.  For  each 
furnace  there  are  4  rows  of  tubes,  with  6  tubes  in  each.  The  gases 
and  vapours  enter  at  a  temperature  of  200°  to  300°  C,  and  finally 
escape  at  a  temperature  of  8°  to  12°  C.  From  4*4  to  6*6  gallons  of 
water  are  used  per  hour  per  furnace  for  cooling  purposes.  When 
poor  coarse  ore  is  being  treated,  the  condensed  mercury  is  swept  out 
every  14  days  from  the  condensers  into  the  boxes  lying  beneath  them, 
but  every   4   or  5   days  when  pressed  soot  is  being  treated.     The 
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mercurial  vapours  escaping  from  the  stoneware  pipes  are  condensed 
in  chambers  constructed  of  wood  and  divided  by  partition  walls  into 
several  divisions,  the  wooden  walls  being  made  air-tight  by  groove  and 
tongue  joints.  The  construction  of  the  condensers,  the  method  of 
connecting  them  with  the  shaft  furnaces,  and  the  dust  chambers,  are 
similar  to  those  described  on  page  402.  The  stoneware  condensers 
introduced  by  the  chief  works  manager,  Mitter,  have  completely 
replaced  the  iron  condensers,  which  lasted  only  1  to  IJ  years,  whilst 
the  stoneware  condensers  last  for  any  length  of  time,  and  cost  only 
one-third  as  much  as  the  iron  condensers.  They  are  made  in 
Floridsdorf,  near  Vienna,  at  the  factory  of  Lederer  and  Nesseny. 
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The  construction  of  the  newer  shaft  furnaces  of  Spirek  at  Siele  is 
shown  in  Figs.  -360 — 364.^     Fig.  360  is  the  front  view  of  the  furnaei' 
361  the  longitudinal  section  of  furnace  and  condensers,  362  the  cross- 
section     through     the     condenseni. 
363    the    plan    of    the    supporting 
pillars,   and    364  the   plan    of    the 
furnace  and  condenser.    The  furnace 
block  consists  of   two  shaft's    sejia- 
rated  by  a   wall,  each    shaft  being 
16  feet  9  inches  high,  and   3  feet 
9  inches  by  3  feet  9  inches  in  croSv< 
"ilHTI        I  I  t'iSP-^^-v^H  T    section.      The    walls   of  the    shafts 

[^11~~  "I^f,  S'1-1^-*  ,    i'  ^    I    i^  ^^^^  on  arches  which  are  borne  upon 

pillars.  To  prevent  mercury  from 
leaking  into  the  foundations,  sheets 
of  iron  turned  up  at  the  edges  are  placed  under  the  bottom  of  the 
pillars.  The  furnace  bottom  is  sloping  and  made  of  concrete  with 
a  collecting  pot  in  the  middle  for  the  reception  of  any  quick  silver 
which  may  pass  through.  The  furnace  is  not  iron-clad,  as  permea- 
tion of  mercury  into  the  walls  is  not  feared  owing  to  the  pressure  %\'ithiD 
being  less  than  that  of  the  atmosphere.     The  reduction  of  pressun- 


Fig.  862. 


J2'  0«u8'  6"J      I  il 


Via.  303. 
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is   maintained  by  the  working  of  a  fan.     The  method  of  charging  i- 
described  in  the  article  quoted  above  {op,  cit.,  p.  560). 

Each  double  furnace  puts  through  12 — 15  tons  of  ore  {\  t^.  n 
inches  mesh)  in  24  hours,  the  charge  being  \  ton  with  0*2  per  cent,  •( 
charcoal.     One  workman  attends  the  furnace  in  a  12-hour  shift. 


The  Min.  Ind.,  1902,  p.  .559. 


MERCURY 


THE   EXTRACTION   OF   MERCURY   IN   RETORT   FURNACES. 


415 


The  extraction  of  mercury  in  retort  furnaces  is  not  toj  be 
recommended,  on  account  of  the  injurious  eflects  of  the  mercury 
vapours  upon  the  workmen  engaged.  The  losses  of  mercury  are, 
moreover,  no  less  than  in  modern  shaft  and  reverberatory  furnaces, 

a  their  only  advantage  being  that  their  first 

cost  is  less  than  that  of  the  latter  furnaces. 
On  the  other  hand,  the  working  costs  are 
— =•  higher  on  account  of  their  smaller  capacity. 

The  material  of  the  vessels  and  of  the  con- 
densers is  cast-iron.  These  furnaces  have 
been  used  for  a  while  in  Idria,  Siele,  Monte 
Amiata  and  California,  but  are  probably 
nowhere  in  use  at  the  present  day.  At 
Idria  the  furnace  of  Von  Patera  was  used 
for  a  ^hile  experimentally.  Its  construction 
is  shown  in  Figs.  365  and  366.^  A  is  the 
muffle,  23^  inches  broad,  29|^  inches  long 
and  9  inches  high  ;  c  is  the  condenser  made 
of  sheet  iron  provided  with  an  inclined 
floor  along   which   the   condensed  mercury 


Fio.  8«5. 


Fia.  S66. 


ms  towards  the  pipe  d,  through  which  it  enters^  the  collect- 
tg  pan  placed  beneath  it.  From  this  condenser  the  gases  and 
apours  pass  through  an  iron  pipe  into  a  system  of  clay  pipes 
ad  thence  into   the  stack ;  /  and  A  are  openings  tor  cleaning  out 

*  (hnUrr.  ZeMschr.,   1874,  p.  291  ;  Berg-  und  HiUt.  Ztg.,  1874,  pp.  91,  419. 
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the  condenser,  which  can  be  closed  by  means  of  clay  plugs  ;'^  is  a 
short  branch  pipe  in  which  a  gold-leaf  is  suspended ;  in  normal 
working,  this  may  not  show  any  coating  of  mercury ;  t  is  a  short 
branch  into  which  a  thermometer  can  be  insei-ted.  The  air  required 
for  oxidation  is  introduced  through  openings  a.  The  charge  of  the 
muffle  is  said  to  have  amounted  to  1  cwt.  of  ore.  The  output,  when 
ores  containing  1*5  to  3*6  per  cent,  of  mercury  were  treated,  is  said 
to  have  amounted  to  90  per  cent.,  whilst  in  the  furnaces  at  present 
in  use  at  Idria  the  output  amounts  to  91 '75  per  cent. 

Spirek  and  Nathan  introduced  a  furnace  into  Siele  in  1896 
which  had  the  retorts  arranged  in  two  tiers.  They  were  all  connected 
to  a  central  condensing  chamber,  and  the  pressure  within  was  kept 
below  that  of  the  atmosphere.  The  distillation  residues  were 
discharged  by  special  appliances  and  washed  away  by  a  stream  of 
water.  In  these  furnaces  1  ton  of  ore  was  worked  off  in  24  hours. 
These  furnaces  have  been  put  out  of  action,  since  better  results  for 
ore  and  soot  can  be  obtained  by  using  the  small  Spirek  furnaces. 

At  the  Missouri  Mine,  near  Pine  Flat,  and  at  the  Lost  Ledge 
Mine,  in  California,  retort  furnaces  were  used.^  The  furnaces  at  the 
Missouri  Mine  contained  either  two  or  three  cast-iron  retorts  9  fet*^ 
6  inches  long,  12'5  inches  high  and  19  inches  broad.  These  were 
charged  with  2  J  cwts.  to  3^  cwts.  of  ore,  containing  from  1  to  2  percent, 
of  mercury.  In  24  hours,  10  cwts.  to  1  ton  of  ore  were  treated.  The 
consumption  of  fuel  per  furnace  was  about  3i  cords  of  wood  per 
24  hours  on  the  average.  The  gases  and  vapours  were  conveyed 
through  an  iron  pipe  into  iron  boxes  open  below,  which  dipped  into 
an  iron  tank  filled  with  water.  In  this  tank,  which  was  3  feet  long. 
24  inches  broad  and  24  inches  high,  the  mercury  was  condensed.  The 
furnaces  and  condensing  appliances  at  the  Lost  Ledge  Mine  were 
similar  except  that  the  retorts,  of  which  there  were  three  in  a  fumaa , 
were  smaller,  being  only  5  feet  long  and  holding  only  183  lbs.  of 
ore.  TJiey  were  charged  every  4  hours.  In  24  hours  such  a  fumacf 
treated  about  IJ  tons  of  ore. 

The  Extraction  of  Mercitry  by  Heating  Cinnabar  with 
Lime  or  Iron  in  the  Absence  of  Air. 

This  method  of  mercury  extraction  has  the  advantage  that  tht 

vapours  of  that  metal  are  obtained  in  a  concentrated  condition,  anti 

are  therefore  readily  condensed.     The  first  cost  of  the  furnace  an«i 

condensers   required   is   also   lower   than   of  those  needed  for   the 

*  Traim,  Am.  Imt.  Mng.  Engra.,  1876,  vol.  iii.,  p.  276. 
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extraction  of  mercury  by  heating  cinnabar  in  the  air.     On  the  other 
hand,  the  residues  contain  more  mercury,  so  that  the  output  is  thus 
reduced  and  the  process  gives  no  better  results  even  with  the  most 
careful  work  than  can  be  obtained  with  the  other  method.    The  costs 
of  working  are  very  high,  in  consequence  of  the  necessity  for  employ- 
ing reducing  agents  and  for  previously  crushing  the  ore,  as  also  on 
account  of  the  high  consumption  of  fuel  and  the  small  output  of  the 
retorts.     The  costs  of  repairs  are  also  high,  in  consequence  of  the 
retorts  becoming  rapidly  destroyed.     The  greatest  disadvantage,  how- 
ever, may  be  considered   to  be  the  injurious  eflfect  of  the  fumes  of 
mercury  upon  the  workmen.    Generally  speaking  the  process  is  unsuit- 
able for  poor  ores,  and  for  rich  ores  it  is  in  no  way  cheaper  than  the 
other  methods  of  treatment,  whilst  for  hygienic  reasons  it  cannot  be 
recommended  even  for  rich  ores.     It  should  therefore  only  be  employed 
when  small  quantities  of  very  rich  ores  or  soot  have  to  be  treated,  and 
should  be  condemned  for  working  rich  ores  upon  a  larger  scale.     The 
retorts  in  which  the  cinnabar  is  decomposed  were  first  pear-shaped 
or  bell-shaped,  and  were  made  of  clay  or  cast-iron ;  later  cast-iron 
alone  was  employed,  and   the  retorts   received  the  shape  of  those 
employed  in  the  distillation  of  coal-gas.    The  condensers,  which  were 
formerly  made  of  clay  at  some  works,  are  now  also  made  of  cast-iron. 
The  flux  required  for  decomposing  the  cinnabar  should  as  a  rule  be 
quicklime  ;  iron  or  hammer  scale  have  only  been  used  exceptionally  for 
decomposing  the  ore.     Lime  acts  upon  cinnabar  at  a  red  heat,  as 
shown  by  the  following  equation  : — 

4HgS  +  4CaO  =  3CaS  +  CaSO^  +  4Hg. 

The  action  of  iron  is  as  follows : — 

HgS  +  Fe  =  Hg  +  FeS. 

The  process  has  been  employed  in  California,  in  Idria,  in  the 
Rhenish  Palatinate,  at  Monte  Amiata  and  in  Bohemia,  and  is  still 
in  use  at  present  at  Lattai  in  Camiola.  It  was  given  up  in 
California  on  account  of  the  above  objections  in  the  year  1850,  and 
from  that  date  up  to  1860  was  only  used  experimentally.^  It  was 
used  in  Idria  for  soot  and  rich  ores  up  to  1882.  At  Moschellandsberg, 
in  the  Rhine  Palatinate,  and  at  Horzowitz,  in  Bohemia,  it  has  been 
given  up  because  the  deposits  found  at  those  localities  have  been 
worked  out. 

At  the  American  Mine,  Pine  Flat,  Califomia,^  ores  containing 
2  per  cent,  of  mercury  were  heated  in  cast-iron  retorts  of  the  shape 

*  Egleston,  op.  cit.,  p.  112.  *  figleston,  op.  cil.,  p.  81!. 
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of  gas  retorts  9  feet  in  length,  2  feet  in  width,  and  18  inches  in 
height,  in  charges  of  150  lb.  with  the  addition  of  10  per  cent,  of 
lime ;  500  lb.  of  ore  were  put  through  in  12  hours.  Even  apart 
from  the  injurious  effects  upon  the  workpeople,  the  treatment  of 
such  poor  ores  in  retorts  must  be  condemned. 

At  Landsberg,  in  the  Bavarian  Palatinate,  pear-shaped  retorts 
were  at  first  employed :  they  were  3  feet  3  inches  in  length,  with 


Fio.  867. 


Fio.  868. 


a  maximum  diameter  of  18  inches,  and  40  to  60  of  them  were 
placed  in  two  rows  in  a  galley  furnace.  The  condensers  were  pear- 
shaped  vessels  of  clay  16  inches  long  and  9J  inches  maxinuiin 
diameter,  which  contained  a  certain  quantity  of  water.  The 
charge  consisted  of  44  lb.  of  rich  ore,  44  lb.  of  poor  ore,  an(i 
18  to  20  lb.  of  burnt  lime;  such  a  charge  was  treated  in  from 
6  to  8  hours.  One  part  by  weight  of  mercury  was  obtained  from  80 
to  120  parts  of  ore,  according  to  the  richness  of  the  latter,  with  a 
consumption  of  20  to  30  parts  of  coal.     In  1847  Ure  introduce«J 
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retorts  of  the  shape  of  gas  retorts.  From  these  retorts  the  vapours 
were  passed  through  iron  tubes  into  boxes  half  filled  with  water, 
in  which  the  mercury  was  condensed.  The  tubes  dipped  for  2  inches 
below  the  surface  of  the  water.  The  charge  of  ore  for  a  retort 
amounted  to  5  cwts.,  and  it  was  worked  off  in  three  hours. 

At  Horzowitz,  in  Bohemia,^  the  ore  was  mixed  with  hammer  scale 
and  treated  in  bell-shaped  vessels.  The  charge  was  55  lb.  of  ore  and 
27  lb.  of  hammer  scale,  which  required  36  hours  for  their  treatment. 


Pio.  809. 


Fio.  370. 


At  Idria,  in  Camiola,  a  furnace  was  introduced  by  Exeli  in  1869 
and  worked  up  to  1882  for  the  purpose  of  treating  finely  crushed  ores 
and  soot.  This  furnace,*  the  construction  of  which  is  shown  in  Figs. 
367  to  370,  contained  two  cast-iron  retorts,  a,  7  feet  4  inches  long,  2  feet 
3  inches  broad,  and  1  foot  1  inch  high,  which  were  closed  at  the  back 
by  means  of  a  cast-iron  cover  coated  with  clay ;  b  is  the  fire-grate.  The 
vapours  escaped  through  horizontal  tubes  ^,  6  J  inches  in  diameter,  into 
vertical  tubes,  c,  of  the  same  diameter  and  5  feet  in  height,  which 
were  provided  with  discs  for  cleaning  them  out,  and  which  opened 
into  an  inclined  collecting  tube,  rf,  9  J  inches  in  diameter.  The  vertical 
:(jndeusing  pipes  and  the  collecting  tube  are  contained  in  a  wooden 
*  Kerly  MetaHurgiCy  vol.  ii.,  p.  811.  '^  Idriantr  Ftntschrift ;  Milter,  loc.  rit, 
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cooling  box  filled  with  water.  The  condensed  mercury  flows  through 
the  inclined  tube  d  into  the  tube  z,  and  from  the  latter  into  a  closed 
receiver  q,  filled  with  water,  from  which  the  mercury  is  syphoned  oflf 
into  the  kettle  p.  The  uncondensed  gases  pass  through  the  middle 
tubey  and  the  inclined  tube  a;  into  the  dust  chamber  and  the  flue;  sis 
a  vertical  shoot  through  which  the  distillation  residues  can  be  dropped 
direct  from  the  retorts  into  the  vault  k  or  into  the  waggons  which 


Sect^  on  an   CD 
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are  nm  into  it.  In  these  furnaces  fine  ore  with  10  per  cent.  <\ 
mercuiy  and  soot  were  treated.  The  material  was  mixed  with  Hm| 
in  the  proportion  of  1*5  parts  of  caustic  lime  for  every  part  <\ 
mercury  contained  in  the  ores,  and  then  moulded  into  bricks  in  | 
special  press.  These  bricks  were  dried  and  charged  into  the  retoi 
which  held  1 08  bricks  at  a  time,  weighing  altogether  300  lb.  Tl: 
charge  was  worked  off  in  from  4  to  6  hours,  according  to  the  ricij 
ness  of  the  ores.  The  consumption  of  fuel  per  24  hours  amounti-i 
to  63*5  cubic  feet  of  wood  and  794  lb.  of  lignite. 
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At  Littai,  in  Carniola,  where  the  process  is  still  in  use,  a  furnace 
verj  similar  to  the  Idrian  retort  furnace  is  employed.  Its  construc- 
tion is  shown  in  Figs.  371  to  374  ^ ;  a  a  are  the  cast-iron  retorts,  h  is 
the  grate,  d  are  the  tubes  through  which  the  vapour  passes  into  the 
condensing  tubes  or  into  the  inclined  tube  ^  ;  /  is  the  cooling  tank, 
i  is  the  tube  for  carrying  off  the  uncondensed  gases  into  the  tube  /, 
and  thence  into  the  dust  chamber  k.     The  ores  contain  on  an  average 
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per  cent,  of  mercury.  They  are  crushed  by  rolls  to  0*2  inch,  and  are 
barged  into  the  retorts  mixed  with  5  or  6  per  cent,  of  caustic  lime,  a 
5tort  taking  a  2  cwt.  charge,  and  the  operation  lasting  6  hours.  In 
4  hours  16  cwts.  of  ore  are  treated.  One  hundred  and  seventy  parts 
y  weight  of  fuel  are  used  for  230  parts  of  ore,  the  fuel  consisting  of 

0  per  cent,  duff  and  20  per  cent,  pea  coal.     The  loss  of  mercury 

1  stated  to  amount  to  from  5  to  6  per  cent. 

At   the  smelting  works  at   Siele   and   Connacchino  at   Monte 
^  Balling,  MetaUhmtenhinde,  p.  502. 
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Amiata,  ores  which  are  dressed  up  to  25  to  30  per  cent,  of  mercun* 
are  heated  in  retorts  with  lime.  (Cinnabar  ores  should  not  be  dressed, 
as  the  losses  due  to  the  washing  away  of  cinnabar  slimes  are  too  great.) 
The  arrangement  of  the  furnace,  designed  by  Jaczinsky,  is  shown  in 


Fio.  876. 
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Figs.  375  to  377 ;  a,  a  are  the  cast-iron  retorts,  which  rest  thniugh- 
out  their  entire  length  upon  a  flue  and  are  surrounded  by  the  flain- 
travelling  in  the  direction  shown  by  the  arrows.     To  distribute  ih» 

1  Ann.  den  MintH,  1888,  No.  4 ;  Berg-  uiid  HiUL  Ztg.,  1889,  No.  10. 
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flame  uniformly  through  the  heating  chamber,  it  is  allowed  to  escape 
into  the  stack  by  means  of  three  vertical  flues,  of  which  there  is  one 
above  each  retort.  The  mercury  vapours  escape  through  the  cast- 
iron  pipe  c,  4|  inches  in  diameter,  which  is  cooled  with  water,  into  a 
wooden  box  e  filled  with  water,  the  liquid  mercury  running  into  the 
cast-iron  receiver/,  from  which  it  flows  continuously  by  the  pipe  g. 
The  uncondensed  vapours  escape  through  the  tube  d  into  condensing 
chambers,  in  which  there  is  a  constant  spray  of  water,  and  thence 
into  the  stack.  The  retorts  hold  4  to  5  cwts.  of  ore  and  88  lb.  of 
lime,  the  proportion  of  lime  being  increased  in  the  case  of  pyritic  ores. 
The  temperature  is  raised  up  to  bright  redness,  and  the  treatment 
of  the  charge  takes  7  to  8  hours.  A  ton  of  wood  is  used  per  ton 
of  ore.  When  the  ores  contain  up  to  30  per  cent,  of  mercury, 
the  total  cost  of  producing  2*2  lb.  of  mercury  amounts  to  fifteen 
pence. 

The  Products  of  Mercury  Extraction 

The  products  of  the  process  of  mercury  extraction  are,  in  addition 
to  mercury,  mercurial  soot,  acid  water,  and  distillation  residues. 
The  mercury  is  often  rendered  impure  by  mechanical  admixtures,  to 
remove  which  it  is  squeezed  through  canvas  or  leather.  Mercury  is 
sent  to  the  market  from  the  larger  works  in  bottles  of  wrought  iron 
with  screwed  stoppers.  Their  weight  when  empty  amounts  to  12  to 
14  lb.  The  flasks  contain  76  lb.  of  mercury  in  Europe  and  766 
lb.  in  California.  In  the  smaller  works  mercury  is  also  exported  in 
bags  made  of  two  thicknesses  of  leather. 

Soot 

Soot  (*'  Stupp  "),  as  already  mentioned,  consists  of  the  deposit  upon 
the  walls  of  the  condensers,  which  is  often  formed  in  considerable 
quantities,  and  is  a  mixture  of  finely  divided  mercury,  mercurial 
compounds,  carbonaceous  soot  produced  by  the  distillation  of  the 
fuels,  and  the  bituminous  and  other  impurities  of  the  ores.  The 
quantity  of  mercury  in  the  soot  may  reach  80  per  cent.  The 
compoeition  of  various  qualities  of  soot  from  difierent  sources  is  shown 

in  the  following  analyses  : — 

Idria. 

1  2^  3 

Hg 312  14-59  0-92 

HgS 27-33  1-83  3-40 

HggSOg 7-32  3-06  6*10 

'  Teuber,  Oesterr,  Zeitschr.^  1877,  p.  123 ;  DingL^  vol.  ccxxv,  p.  214, 
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According  to  Oser/  soot  from  the  condensers  of  ^he  Idrian 
externally  fired  furnaces  contains  : — 

Percent. 

Mercury  removable  by  pressure 40 -QS 

Non-removable  by  pressure,  and  in  the  form  of  salts    .        9*15 

Sulphuric  acid 1-39 

Mercuric  sulphide 4%32 

Carbon 3-31 

Ashes 9'33 

Water 3155 

The  composition  of  soot  from  the  condensers  of  the  muffle  furnaces 
of  Patera,  called  by  him  vurcwy  black,  is  shown  in  analysis  No.  1, 
that  of  the  flue  soot  from  the  flues  leading  to  the  stack  and  fol- 
lowing the  condensers  is  shown  in  analyses  2  by  Patera  and  3  by 
Teuber : — 

1  2  3 

Mercury 5630  6*42  312 

Mercuric  sulphide 0'70  2*20  31-10 

Mercuric  sulphate 18*99  13*07  10-80 

Mercurous  chloride 2*20  I'SO  — 

Sulphuric  acid TIO  4-80  — 

Magnesia —  1*10  — 

Lime 0*76  1*20  — 

Ferric  oxide  and  alumina    .    .    .  trace  0*80  — 

Calcium  sulphate 1*04  6-30  — 

Basic  ferric  sulphate 3*24  0*40  — 

Soot  and  tar 33*9  29*40  24*80 

Water 4*60  26*50  10*30 

Ore  residues 11*41  3*80  — 

Ferrous  sulphate —  —  6*02 

Magnesium  sulphate —  —  7*50 

Sodium  sulphate —  —  1  -24 

Ammonium  sulphate —  —  0*54 

Silica -  —  2*20 

The  soot  from  the  condensing  chamber  of  the  shaft  furnace 
No.  IX.,  collected  in  1892,  had  the  following  composition  : — * 

Metallic  mercury 65*04  =  65*04  Hg 

Mercuric  sulphide 6*97  =    6*0 

Basic  mercuric  sulphate 0*20  =    0*16 

Mercuric  sulphate 0*12  =    0*08 

Mercuric  chloride 0*08  =    0*06 

Mercurous  chloride 0*05  =    0*04 

71*38  per  cent.  Hg. 


*  Das  k.  h.  QuecksUberhergiverk  Idrian  Vienna,  1891. 
■■»  Janda,  Oesterr.  Zeitschr.,  1894,  p.  268 
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Alumina  and  ferric  oxide I'll 

Ferroas  sulphide 0*94 

Lime 957 

Magnesia 0*40 

Sulphur  trioxide 9*10 

Ammonia  \  ^-lo 

Hydrocarbons  / 

Soot 1-98 

Silica 1-20 

In  1892,  samples  of  soot  were  taken  at  various  places  along  the 
coarse  which  the  gases  and  vapours  traversed  through  the  furnace 
until  they  reached  the  stack  delivering  them  into  the  atmosphere, 
and  were  examined  for  their  contents  of  moisture  and  mercury.  The 
results  of  the  analyses  are  shown  in  the  following  table.  In  this 
Xo.  1  was  taken  from  the  flue  of  the  shaft  furnace,  Nos.  2  and  3 
from  the  condensing  chamber  of  the  Czermak  furnaces,  No.  4  from 
the  flue  of  one  of  the  Czermak  furnaces,  Nos.  5  and  6  from  the  flue 
leading  to  the  fan,  and  Nos.  7  and  8  from  the  main  stack : — 


Number 

Percentage  of  mercury 

as 

Total 

of  the 

Moisture 

.  _  _   _ 

Mercury 

sample. 

per  cent. 

Salts. 

Chinaliar. 

1 

MoUl. 

per  cent. 

1 

14-8 

0-20 

18-83 

4317 

62-20 

2.    .    ,    .    . 

— 

3-04 

6-75 

22-01 

31-80 

3 

85-8 

trace 

4  00 

18-00 

22-00 

4 

40-2 

— . 

6-40 

21-80 

28  20 

5 

— 

016 

9-68 

3-76 

13-60 

6 

— 

0-75 

9-24 

4-16 

1415 

7 

350 

0-69 

13-75 

0-86 

15-30 

8 

65*9 

0-16 

9-35 

3-49 

13-00 

The  proportion  of  mercury  respectively  contained  by  the  salts, 
cinnabar,  and  metal  of  the  various  samples  was  therefore  distributed 
as  follows : — 


Number 
of  the 
sample. 


Percentage  of  the  total  mercury  present 
in  the  form  of 


Salts. 


0-32 

9-55 

trace 

117 
5-30 
4-51 
1-23 


Cinnabar. 


Metal. 


30-28 

69-40 

21-23 

'       69-22 

18-18 

81-81 

22-69 

77-30 

7118 

27-65 

65-30 

29-40 

89-87 

5-62 

71-92 

26-84 
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Soot  from  Almaden  has  the  following  composition  : — ^ 

Soot  from  clay  Soot  from  iron 

condensing  tuben.        condensing  tubes. 

Per  cent.  Pa*  cent. 

Mercury  as  metal 66  44 

Mercurous  chloride 18  3*3 

Mercuric  sulphide 1  6*3 

Ferrous  sulphate      —  23"5 

Aluminium  sulphate  )  i^.k 

Potassium  sulphate    / 

Ammonium  sulphate 3 '5  — 

Calcium  sulphate 1  0*9 

Carbon   .........  5  4-8 

Sulphuric  acid  ...  2*5  — 

Water 25  — 

The  Treatment  of  Soot 

Mercury  is  extracted  from  soot,  firstly  by  ^/ressiw^  the  latter, 
whereby  a  considerable  portion  (up  to  90  per  cent)  of  mercury  is 
made  to  flow  out,  and  secondly,  by  treating  the  residues  thus  obtained, 
either  together  with  ores  or  by  themselves,  in  distillation  furnaces. 
Experiments  made  in  Idria  by  Czermak  and  Spirek  with  the  object  of 
extracting  the  quicksilver  by  burning  the  soot,  after  previously  press- 
ing it,  have  given  unsatisfactory  results  due  to  the  high  loss  of  metal 
entailed.  Soot  is  pressed  either  by  hand  or  by  machinery.  To  I 
promote  the  removal  of  the  mercury,  lime  or  ashes  are  added  to  it. 
The  best  method  of  pressing  soot  consists  in  treating  it  in  pans  or 
cylinders,  provided  with  stirrers,  which  on  a  large  scale  are  driven  by 
machinery. 

At  Almaden,*  the  soot  is  worked  upon  an  inclined  wooden  surfece 
with  hoes  until  no  more  mercury  flows  off.  The  residues  are  then 
moulded  into  bricks  and  treated  with  the  ores.  The  rubbing 
up  of  soot  in  this  way  was  also  carried  on  at  Idria  and  in  th^- 
Californian  Works,  but  on  account  of  its  being  injurious  to  the  health 
of  the  workmen  has  been  given  up  for  a  considerable  time.  Tor 
example,  at  the  Redington  Mine  in  California,*  soot  was  treated  in 
this  way,  the  residues  being  heated  in  retorts  with  lime.  At  New 
Almaden  the  soot  was  first  treated  as  above.*  As  soon  as  no  mon 
mercury  could  be  extracted  in  this  way,  lime  was  added  and  the 
rubbing  continued,  when  another  portion  of  mercury  was  obtained. 

At  Idria,  the  soot  presses  designed  by  Exeli  are  at  present  em- 
ployed. Their  construction  is  shown  in  Figs.  378  and  379.  They  ci>u- 
sist  of  iron  cylinders  with  a  V-shaped  bottom.  The  diameter  of  tb 
cylinder  in  the  clear  amounts  to  4  feet,  the  height  to  17    incher 

*  Berg-  und  Hiittenm,  Jahrb,  der  k.  k.  MoTitanlehranst^ilten,  Vienna,  1879,  p.  HI 

3  fbid,,  vol.  xxvii.,  p.  46.  '  Egleston,  op,  cit.,  p.  850. 

*  E^leston,  op,  cit.,  p.  834, 
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Through  the  middle  of  the  cylinder  passes  a  vertical  shaft  w^  to  the 
upper  end  of  which  are  attached  four  arms  at  right  angles  to  each 
other,  these  arms  being  11 J  inches  above  the  bottom  of  the  ap- 
paratus. To  these  arms  are  bolted  knives  «,  3  inches  broad  and  0*3 
to  0*4  inch  thick.  To  the  bottom  of  the  apparatus  seven  or  eight 
vertical  knives,  o,  of  the  same  dimensions,  are  so  attached  that  when 
the  arms  revolve  the  movable  knives  z  pass  close  to  the  fixed  knives, 
and  thus  press  the  soot  together  and  force  it  upwards.  In  the 
lowest  portion  of  the  apparatus  there  are  25  apertures  of  04  inch 
diameter,  through  which  the  mercury  flows  away  as  fast  as  it  is 
pressed  out.  These  openings  readily  become  stopped  up,  and  must 
be  kept  open  during  the  operation  by  means  of  a  stout  wire.  It  is 
important  that  the  bottom  ends  of  the  movable  knives  should  touch 


Fio.  378. 


Fio.  879. 


the  bottom  of  the  apparatus,  and  when  they  are  worn  they  should  be 
immediately  replaced  by  new  ones,  otherwise  a  layer  of  soot  forms 
upon  the  bottom  of  the  apparatus  which  stops  up  the  holes  through 
which  the  mercury  should  escape.  When  the  shaft  is  set  in  motion 
the  mercury  is  squeezed  out  from  the  soot  mixed  with  lime,  and 
collects  in  the  lowest  portion  of  the  bottom,  whence  it  runs  through 
the  above-named  openings  into  the  receiver  g  standing  beneath  it. 
The  soot  residues  are  also  collected  in  a  box  placed  beneath  the 
apparatus.  The  weight  of  a  charge  of  soot  depends  upon  the  amount 
of  mercuiy  and  of  moisture  contained  in  it,  and  varies  between  44 
and  110  lb.  The  quantity  of  lime  to  be  added  depends  upon  the 
same  conditions.  More  must  be  added  to  soot  rich  in  mercury  than 
to  poor  soot,  the  amount  varying  between  17  and  30  per  cent,  of  the 
weight  of  the  soot ;  the  lime  is  not  added  all  at  once,  but  in  small 
quantities  during  the  course  of  the  operation.  The  speed  of  revolu- 
tion is  at  first  low,  and  rises  gradually  from  12  to  40  revolutions  per 
minute.  After  20  minutes  the  knives  ought  to  commence  to  lift  the 
s<^>ot  from  the  bottom  of  the  apparatus  and  to  throw  it  up.  Generally 
speaking,  the  soot  is  sufficiently  well  pressed  when  the  residues  begin 
to  agglomerate  into  pellets.  The  time  required  for  pressing  depends 
upon  the  richness  of  the  soot.     In  the  case  of  rich  material  it  lasts 
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fix)m  If  to  If  hour.  By  this  operation  from  70  to  80  per  cent,  of 
the  mercury  contained  in  the  soot  is  separated,  the  remainder  of  tfe 
mercury,  which  amounts  on  the  average  to  14  to  20  per  cent  of  the 
weight  of  the  residues,  being  obtained  by  distilling  these  residues 
together  with  ores.  A  sample  of  pressed  soot  from  shaft  furaacc 
No.  VIII.,  taken  in  December,  1892,  contained  : —  * 

Per  cent. 
Mercury  in  combinations  soluble  in  hydro- 
chloric acid 017 

Mercury  as  cinnabar 2*96 

Metallic  mercury 14*98 

Total     .     .     .   1811 

At  the  works  in  Monte  Amiata,  the  pressing  is  carried  out  in 
appliances  similar  to  the  Exeli  press,  the  output  of  quicksilver  from 
the  soot  there  treated  being  80  to  90  per  cent. 

At  New  Almaden,  the  soot  was  treated  from  1873  to  1887  *  in  hemi- 
spherical cast-iron  pans  36  inches  in  diameter,  for  three-quarters  of  an 
hour,  by  constant  stirring  with  boiling  water  and  wood  ashes.  The 
quantity  of  the  latter  amounted  to  half  of  the  volume  of  the  soot 
The  quicksilver  that  separated  out  was  drawn  off  from  the  bottom 
of  the  pan  by  means  of  a  syphon.  The  residues  w^ere  dried  and 
treated  together  with  the  ores  in  distillation  furnaces. 

A  cast-iron  pan  was  also  employed  at  the  Manhattan  Works. 
Above  the  pan,  of  a  capacity  of  120  gallons,  a  vertical  shaft  wa^ 
carried  by  a  wooden  frame.  To  the  bottom  end  of  the  fonnor 
horizontal  wooden  arms  were  attached  carrying  iron  tines.  The 
soot  was  mixed  with  ashes  and  lime,  and  the  mass  was  stirrd 
for  20  minutes,  at  the  end  of  which  time  all  the  mercury  that 
could  thus  be  removed  had  been  extract>ed,  and  the  mass  was| 
completely  dry.  The  mercury  was  drawn  oflF  by  means  of  a  pijH^i 
at  the  bottom  of  the  pan  and  the  residues  were  distilled  in  retort*. 

Lukasiewicz  *  presses  the  soot,  without  the  addition  of  other  bodies, 
in  a  vacuum  at  a  temperature  of  30°  to  90°  C.  The  combination  of 
reduced  pressure  and  gentle  warming  dries  the  soot,  and  drives  ol 
the  volatile  oils  contained  in  it  without  an  appreciable  loss  of 
mercury;  furthermore,  as  the  opemtion  is  carried  out  in  ck>^Hi| 
vessels,  the  health  of  the  workmen  is  not  affected.  The  appinitid 
consists  of  a  double-walled  cast-iron  pot  fitted  with  rollers  an<l  ct»n- 
nectcd  by  a  pipe  with  the  vacuum  supply.     The  pot  is  heated  o\il- 

*  Janda,  op,  cU.,  p.  269.  ^  Egleaton,  op,  cit.,  p.  884. 

»  Austrian  Pat.  No.  U,689. 
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side  by  a  fire  or  by  steam,  and  water  circulates  between  its  walls. 
The  soot  is  fed  in  through  two  manholes  in  the  upper  part  of  the 
pot,  and  the  rollers  are  movable  along  an  upright  shaft  that  reaches 
to  the  bottom  of  the  pot.  The  charge  varies  from  6,600  to  27,600  lb. 
of  soot.  The  upper  surface  of  this  is  pressed  by  two  grooved  rollers 
which  slip  down  the  shaft  under  their  own  weight  as  the  charge 
contracts  owing  to  loss  of  mercury  and  evaporation  of  oil  and  water. 
This  continues  until  all  the  available  quicksilver  has  been  squeezed 
out.  The  mercury  escapes  through  two  holes  in  the  bottom  of  the 
pot.  The  shaft  is  square  in  section,  and  makes  20  to  30  revolutions 
a  minute.  With  this  apparatus  it  is  stated  that  up  to  95  per  cent,  of 
the  quicksilver  in  the  soot  may  be  extracted.  It  is  in  use  with 
excellent  results  at  Kotterbach,  Zips,  Hungary. 

At  present,  at  New  Almaden,  wet  and  semi-fluid^  soot  is 
stiffened  by  mixing  with  half  its  volume  of  wood  ashes  upon  a 
rectangular  asphalted  floor,  20  feet  long  and  9  feet  broad,  which  is 
hollowed  and  at  the  same  time  inclined  to  one  of  its  shorter  sides ;  a 
paste  is  thus  obtained  which  is  transferred  in  buckets  to  the  press, 
consisting  of  a  cast-ron  pan  of  40  inches  diameter  at  its  upper  wider 
end.  In  it  there  stands  a  vertical  shaft  with  four  plough-shaped 
stirrers.  The  mass  is  stirred  for  1^  hour,  the  stirrers  making  40 
revolutions  per  minute,  at  the  end  of  which  time  no  more  mercury 
flows  out.  The  mercury  is  drawn  off  by  means  of  a  syphon  at  the 
bottom  of  the  pan.  The  residues  are  drawn  off  into  a  box  standing  below 
the  pan,  through  a  larger  opening  in  the  bottom  of  the  pan,  which  is 
kept  closed  during  the  course  of  the  operation  by  means  of  a  valve, 
14  per  cent,  of  the  mercury  contained  in  the  soot  remains  in  the 
residues,  which  are  treated  by  distillation ;  it  is  impossible  to  remove 
the  whole  of  the  mercury  from  the  soot  by  pressing  alone. 

The  residues  contain,  according  to  the  method  of  pressing  em- 
ployed, variable  quantities  up  to  40  per  cent,  of  mercury.  For  example, 
in  Idria^the  residues  obtained  by  pressing  in  the  years  1890  to  1892 
contained  14*89  per  cent,  of  the  entire  output  of  mercury.  In  order 
to  extract  this  mercury  from  the  residues,  the  latter  must  therefore 
be  subjected  to  a  further  treatment.  This  consists  in  distilling  the 
residues  in  the  same  way  as  the  ores  in  the  various  furnaces  used  for 
ore  treatment,  as  a  general  rule  mixed  with  ore,  and  more  rarely  by 
themselves.  At  Almaden.  the  soot  residues  are  moulded  into  bricks 
and  are  treated  with  the  ores.  At  Idria,  the  residues  were  treated 
for  a  while  in  retort  furnaces ;  now,  however,  they  are  distilled  with 
the  ores  in  shaft  and  reverberatory  furnaces.  When  soot  residues 
were  distilled  in  retort  furnaces, a  resinous  substance, known  as  "soot 
.    ^  Egleston,  op.cit.,  p.  882.  *  Mitter,  loc.  cit. 
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fat "  (Stuppfett),  condensed  in  the  receivers ;  it  consisted  chiefly  of 
hydrocarbons  mixed  with  only  small  quantities  of  mineral  substances 
According  to  G.  Goldschmidt  and  M.  von  Schmidt,  32  kiloa  of  Slupp- 
feU  only  contained  150  grammes  of  mineral  matter,  which  latter 
contained  7035  per  cent,  of  mercury,  partly  as  metal,  partly  in  com- 
bination with  sulphur  together  with  iron,  manganese,  alumina,  lime, 
and  magnesia.  Since  the  use  of  muffle  furnaces  has  been  discon- 
tinued in  the  year  1892,  no  more  of  this  Stuppfett  has  been  produced. 
For  treatment  in  shaft  furnaces  at  Idria,  the  soot  from  the  condensing 
chambers  of  the  flues,  together  with  the  residues  of  the  furnace  sooi, 
were  mixed  with  ground  clay,  pressed  and  moulded  into  lumps, 
which  were  treated  together  with  poor  coarse  ore.  The  coal  was 
mixed  with  a  certain  quantity  of  coke.  Further  quantities  of  residues 
were  treated  in  the  Czermak  furnaces  and  in  the  reverberator}* 
furnaces.  At  Monte  Amiata  the  residues  were  formerly  treated  in 
muffles,  now,  however,  in  small  Spirek  furnaces.  In  California  the 
residues  are  worked  either  by  themselves  in  retorts  or  together  with 
the  ores  in  the  furnace,  together  with  the  ores  suitable  for  treatment 
in  these  furnaces  suitable  to  the  various  grades.  In  New  Almaden, 
in  the  year  1888,  18  per  cent,  of  the  total  mercury  production  was 
obtained  from  soot.  Recently  at  Idria,  of  the  total  production  of 
mercury,  including  a  loss  of  9  per  cent.,  56  per  cent  was  obtained  bv 
pressing  the  soot  and  15  per  cent,  by  distillation  of  the  soot  residues. 
The  add  ivater  from  the  condensers  contains  sulphuric  and  sul- 
phurous acids,  sulphates  of  iron,  mercury,  calcium,  and  ammonia, 
hydrocarbons,  and  in  some  cases  small  quantities  of  hydrochloric  acid 
and  floured  mercury.  According  to  Janda,*  the  acid  water  condenseti 
in  the  year  1892  at  Idria  in  the  condenser  of  shaft  furnace  No.  X. 

had  the  following  composition : — 

Per  cent. 

Hg,0 0-33 

FeO    .     .     .     .• U-38 

CaO 0-50 

SO3 1101 

SO2 1-97 

NH, 0-61 

HCl 0-06 

Condensable  hydrocarbons,  including  the 

acetic  acid  series 22'12 

Water  and  undetermined       48'12 

The  specific  gravity  of  this  water  was  165  at  15°  C.     If  the  acid 
water  contains  floured  mercury,  as  is,  for  instance,  the  case  at  Nc« 
Almaden,  it  is  freed  from  it  by  filtration  through  charcoal.     The 
>  (haerr.  ZeUachr.,  1894,  p.  270. 
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water  runs  ofF  clear,  leaving  a  black  slime  upon  the  filter.     The  latter 
is  dried  and  is  then  distilled,  together  with  the  ores. 

Distillation  Besi^ttes.  When  the  operation  is  carried  out  properly 
the  residues  are  so  poor  in  mercury  that  they  can  be  thrown  away. 
For  example,  the  residues  from  the  Idrian  shaft  furnace  contained 
in  1877  ^  0002  per  cent,  of  mercury,  and  those  from  the  rever- 
beratory  furnaces*  contained  0*006  per  cent,  in  1877,  00001  per 
cent,  in  1879,  and  in  1892  only  traces  of  mercury. 

The  General  Ai^rangement  of  a  Mercui^y    Works 

As  an  example  of  the  general  arrangement  of  a  quicksilver  works 
with  modem  furnaces,  condensers,  and  fan,  the  plant  at  Idria  may  be 
described.  The  ores  there  average  upon  the  whole  05  to  08  percent, 
of  mercury.  The  ores  were  formerly  divided  into  slimes,  fine  ore,  coarser 
ore,  and  lump  ore,  but  now  the  four  following  divisions  are  made : — 

1.  lieicher  Erzgries, — "  Rich  small  ore  *'  with  about  6  per  cent,  of 
mercury.  This  is  divided  into  two  classes  :  (1)  of  0*16  to  0*32  inch 
mesh,  and  (2)  below  016  inch.  Both  grades  are  again  subdivided 
into  those  containing  more  than  10  per  cent,  and  those  containing 
less  than  10  per  cent,  of  mercury. 

2.  Armer  Erzgries  prima. — "Poor  small  ore  of  first  quality," 
containing  0*7  per  cent,  of  mercury  and  less  than  0*8  inch  in  size. 

3.  Armer  Erzgries  secunda, — **  Poor  small  ore  of  second  quality,*' 
containing  04  per  cent,  of  mercury  and  0*8  to  1*2  inch  in  size. 

4.  Amur  Erzgrbb. — "  Poor  coarse  ore,"  containing  0*3  per  cent,  of 
mercury  and  1*2  to  4  inches  in  size. 

The  complete  analyses  of  the  various  grades  of  ore  were  as 
follows  in  the  year  1881 : — * 


Slimen. 


Por  cent. 

yiercuric  sulphide  0*62 

Mercurcms  chloride trace 

Basic  mercuric  sulphate          ....  — 

Ferrous  carbonate         0*76 

Calcium  carbonate 35 '75 

Calcium  sulphate 0'53 

Magnesium  carbonate 27  17 

Magnesium  sulphate 0*21 

Iron  bi-sulphide 4*24 

Alumina 1*64 

Phosphoric  acid — 

Aluminium  silicate 16 '48 

Ferrous  silicate — 

Silica 11-52 

Bitumen 1*08 

Water  and  loss — 


Fine  ore. 

Per  cent. 

1-25 

trace 

317 

27-21 

1-46 

20  as 

0-55 
4'31 
1-61 

22-75 

trace 

16-48 

1-63 


Coarse  ore. 

Per  cent. 

8'58 

0-22 

trace 

4-27 

14-71 

2'42 

4-20 

111 

5  09 

1'30 

trace 

15'82 

2018 

17-64 

3-97 

0-49 


Idrianer  Festsehri/t, 


Ibid, 


«  Ibid,,  Vienna,  1881. 
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The  composition  in  1892  ^  was  the  following : — 


Rich  small  ore.    Poor  small  ore.  '  Poor  oosnc  ok. 


HgS 

FeS, 

FeCO, 

CaCOs 

MgCOa 

CaSO. 

MgS04 

CaaPA    ... 
ALO;)  (amorphous) 
SiOo 


Bitumen 

Organic  matter  and  water  of  crystalli- 
sation   


Per  cent. 

6-74 

9-49 

2-52 

2618 


1-05 
0-44 
076 
2-60 
30-04 
0-97 

2-63 


CI I  distinct  trace! 


Per  cent. 
0-95 

11-64 
6-66 

27-13 

10-24 
2-93 
0-74 
0-41 
4-80 

31-77 
0-70 

2-03 


_L 


Per  cent 

0-38 

4-45 

4-76 

34-86 

24-92 

079 

0-32 

0-32 

3-53 

23-82 

0-62 
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The  ores  are  treated  by  heating  them  with  access  of  air  in  the 
furnaces  already  described.  The  rich  small  ore  is  treated  in  the 
Czermak  furnace,  the  poor  small  ore  of  first  quality  in  Czeniiak 
furnaces  and  long-bedded  calciners,  the  poor  small  ore  of  second 
quality  and  the  poor  coarse  ore  in  shaft  furnaces.  The  works  contain 
three  Czermak  furnaces,  eight  long-bedded  calciners,  and  nine  shaft 
furnaces.  The  practical  results  obtained,  which  have  ali-eady  been 
set  forth  under  the  heads  of  the  various  individual  furnaces,  together 
with  the  annual  mercury  production  of  the  furnaces,  is  shown  in  the 
following  table  of  the  results  obtained  in  the  year  1892 : — 


Class  of  furnace. 


Grades  of  material 
treated. 


Amount 
treated 
per  day 
per  fur- 
nace. 


'  Novak    shaft  fur-    Poor    coarse    ore  '  Tons. 

I       naces and  soot     ...  I  12*15 

I  Czennak   furnace,    Poor  and  rich  small 

No.  1  .    .    .    .  orii  and  soot  .    .     22-46 

'  Czermak  furnaces,  '  Poor  small  ore  and 

I      Nos.  2and3.  soot 2675 

•  Calciners,  Nos.    1    Poor  small  ore  and 

I      to  6 I      soot 6-6 

I  Calciners,   Nos.    7  ,  Residues  from  old 

and  8 |      Leopoldi    fur- 

i      naces  and  soot  .  !    6 '85 


Wages. 


I  Par  100  ^^^^  consump- 
PerlO  ikilo8(2  "^'^PTJ?*^"* 
tons  of    cwt.)  of  I  **'  °"- 

ore.     I    mer- 


I 


Soot 
pro- 
duc- 
tion. 


».     d.       «.     d   '      Cubic  feet. 

13  4  j  42    1  I  58-3  charcoal 

17    9  I    5  10  130-7  wood 
I 

14  0     19     1   106-6    „ 

29    9  148-9    ,. 


21     6 
23  10 


119    5il56-5 


05 
33 
1-3 
1-9 

2-0 
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The  temperature  at  which  the  gases  and  vapours  escape  from  the 
various  furnaces  ^  is,  upon  the  average : — 

Long-bedded  calciners     ....     341°  C 

Czermak  furnaces 353°  C 

Shaft  furnaces 226  to  233°  C. 

The  quicksilver  is  condensed  in  Y-shaped  pipes  of  earthenware 
and  small  wooden  flues  connected  with  these.  The  latter  are 
connected  by  flues  with  underground  central  chambers  common  to  all 
the  furnaces,  and  communicating  with  the  fan  which  draws  the  gases 
into  the  long  stack-flue. 

In  Fig.  380  a  general  ground  plan  of  the  works  is  given,  showing 

the    connection   of  the  furnaces  with   the  condensers,  the  mode  of 

communication  of  the   various   condensers    with    the   underground 

central  condensing  chambers,  and  the  connection  of  the  latter  with 

the  fans.     The  draught  was  first  produced  by  a  stack  alone,  and  then 

by  means  of  a  furnace  connected  with  the  stack,  but  recently  fans 

have  been  employed  for  this  purpose.     They  are  found  to  have  an 

especially  good  efffect  upon  the  general  mode  qf  working,  the  health 

of   the  men  engaged,  and  the  diminution  of  the  losses  of  mercury. 

There  are  two  fans,  one  of  which  is  in  reserve.     The  fans  were  first 

made  of  cast-iron,  then  of  varnished  sheet-iron,  and  finally  of  sheet- 

bn»ss.     All  these  materials  have,  however,  at  present  .been  replaced 

by  others,  the  disc  of  the  fan  now  consisting  of  brass,  whilst  the  vanes 

are  made  of  sheet-copper ;  the  diameter  of  the  fan  is  8  feet  and   its 

speed  is  between  189  and  280  revolutions  per  minute,  producing  a 

normal  depression  of  07  inch  water-gauge.     The  cubical  contents 

of  the    various    condensers   and    flues    is    shown   in   the   following 

t^ible  : — 


Sliaft  furnaces   . 
(JyA^rmak  furnaces 
(;ji.lciner8  1  to  6 
Calciners  7  and  8  , 


Volume  of  Condensers. 


Chambers. 


Cubic  feet. 

33,r)68 

35,916 

50,148 

3,885 


Flues. 

Cu>)ic  foot. 

6,569 

2,013 

706 

742 


Total. 


Cubic  feet. 

40,137 

37,929 

50,854 

4,627 


»  Janda,  Oe^tterr,  Ztitschr.,  1894,  p.  298. 
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To  these  must  be  added  the  space  common  to  all  the  furnaces, 
viz. : — 


Underground  central  chambers 
Flues  connecting  the  calciners  and  | 

Czermak  furnaces  above  ground   | 
Flue  from  the  central  chamber  to 

the  fan 

Flue  from  the  fan  to  the  stack  .    .   | 


Chambeni. 


Cubic  feet 
63,085 


Flues. 


Cubic  feet. 


20,236 

4,944 
18,576 


TotiU. 


Cubic  foot. 
63,285 


20,236 

4,944 
18,576 


U)  :- 


The  total  contents  of  the  condensing  appliances  therefore  amount 

Chambers 186,802  cubic  feet 

Flues 53,786     ,,       „ 


Total 


240,588 


The  gases  and  vapours  from  the  shaft  furnaces  enter  the  conden- 
ser at  a  temperature  of  114°  C,  and  leave  it  at  15"*  C;  those  from  the 
Czermak  furnaces  enter  with  a  temperature  of  109°  to  180°  C,  and 
escape  at  21°  to  30°  C. ;  those  from  the  calciners  enter  at  174°  C.  and 
L*scape  at  25°  C.  According  to  Mitter,  the  average  of  the  mercury 
extracted  in  the  years  1890  to  1892  was  obtained  : — 

Per  cent. 

From  the  condensers  and  from  pressing  the  soot .     .  74*64 

From  the  residues  of  the  soot 14*89 

From  the  soot  collected  in  the  more  remote  flues 

and  chambers 522 

The  loss  of  mercury  was 8*25 

According  to  recent  communications  from  Mitter,  in  Idria  the 
xtraction  of  mercury  is  at  present  distributed  as  follows  : — 

Per  cent. 
No.  1.  Metallic  mercury  taken  direct  from  the  con- 
densers          20 

No.  2.  Obtained  by  pressing  the  soot 56 

No.  3.  Obtained  by  treatment  of  the  soot  residues 

(about)  15 
The  loss  of  mercury  being  about J) 
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NiJcitowka,  Russia  ^ 

These  works  were  started  on  a  working  scsxle  in  1886  to  treat 
cinnabar  ores  from  the  Carboniferous  formation.     These  ores  contain 
on  the  average  0*75  per  cent,  of  mercury.     They  are  broken  in  rock 
breakers  and  dropped  on  to  a  picking  belt,  on  which  about  16  per 
cent,  of  barren  rock  is  picked  out.     Lump  ores  in  sizes  up  to  that  of 
twice  a  man's  fist  are  treated  in  barrel-shaped  furnaces  of  16  feet 
6  inches  in  height  and  11  feet  6  inches  in  diameter  in  the  widest 
part,  the  ore  being  mixed  with  coal.     The  condensing  appliances 
consist  of  Y-shaped  pipes  made  of  cast-iron  lined  with  cement.    The 
small  ore  and  the  dust  from  the  dressing  works,  which  is  rich  in 
mercury,  together  with    the  soot  residues,  are  treated  in  fumacl•^ 
similar  to  the  Idrian  Czermak  furnaces  already   described,  four  of 
which  form  one  block.     The  condensers  are  similar  to  those  alreivdy 
described.     The  soot  is  treated  in  rotating  barrels  with  lime,  whereby 
the  greater  portion  of  its  mercury  is   extracted.     The   output  ot 
mercury  from  the  ores  is  given  as  0563  per  cent.,  the  loss  of  mercury 
during  treatment  at  12  per  cent. 

The  Extraction  of  Mercury  from  Mercurial  Fahlores 

Mercury  is  obtained  as  a  bye-product  during  the  calcination  <it 
mercurial  fahlores.  The  author  has  seen  mercury  obtained  in  thi> 
way  at  .the  Stefan  Works,  near  Gollntz,  in  Upper  Hungary.  Anii- 
monial  fahlore,  containing  30  to  39  per  cent,  of  copper,  25  to  H3 
per  cent,  of  antimony,  010  to  0'12  per  cent,  of  silver,  and  0*52  to  17 
per  cent,  of  mercury,  with  an  average  content  of  163  per  cent,  of 
mercury,  is  the  retreated  in  circular  stalls,  23  feet  in  diameter  and  6 
feet  6  inches  high,  which  are  covered  over.  These  stalls,  the  lower 
portion  of  which  is  provided  with  draught-holes  for  the  admission 
of  air,  contain  67  to  70  tons  ore.  The  ores  are  piled  upon  a 
bed  of  cord-wood ;  layers  of  wood  are  also  introduced  between  thxi 
ores  in  such  a  way  that  spaces  are  produced,  which  become  filled 
with  charcoal,  and,  after  the  latter  is  burned,  serve  as  air  flut*. 
During  the  calcination  of  the  ore,  the  mercury  is  evolved  in  tht 
metallic  state  and  is  condensed  in  the  topmost  layers  of  ore.  Wh^n 
the  latter,  in  the  course  of  continued  calcimition,  get  heated,  fn'>h 
ore  is  piled  on,  into  which  the  mercury  is  then  driven,  and  whi^n'  w 
condenses.  After  the  completion  of  the  calcination,  which  lasts  ihivt 
to  four  weeks,  the  upper  layei-s  of  ore  are  taken  off  and  washed  in  tvt: 
*  J^wman  Mining  Jounud  (Gomi  Journal),  1891,  No.  20. 
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for  the  extraction  of  the  mercury.  The  mercury  obtained  is  distilled 
in  iron  retorts  and  then  packed  in  sheepskin  bags.  The  residues 
from  washing  and  from  distillation  are  treated  for  copper  and 
silver.  With  such  a  process  the  loss  of  mercury  by  its  escape 
into  the  air,  the  sides  and  the  floor  of  the  stalls,  is  unavoidable. 
Modern  apparatus  for  the  extraction  of  mercury  from  fahlores  is  at 
present  in  operation  at  Josephi,  near  Kotterbach,  Upper  Hungary. 
The  ores  are  sorted  into  lump  fahlore,  of  0*2  and  1*2  inch  mesh,  and 
mixed  fahlore  and  heavy  spar  from  the  washery.  The  composition  of 
these  ores  is  as  follows. 

Sorted  ore.  WaBhed  ore. 

Sulphur 7-97 

Mercury 1*85 

Copper 9*75 


Antimony 3*03 

Arsenic 0*17 

Silver 002 

Ferrous  oxide 42*75 

Manganous  oxide  ....  1  '69 

Lime 042 

Mafl;nesia 3*97 

Carbon  dioxide  •  .    .    .    .  24*23 

InsoluUe, 

Silica       3*73 

Ferric  acid 0*57 

Magnesia 0*26 

Barium  sulphate   ....  — 


1*26 
0*50 
1*38 
0  80 


14*17 
0*69 
0*35 
1*32 
8*65 

1*27 

6*46 

1-07 

67  15 


The  constituent  compounds  are  given  as  follows : — 

CujS 12-22  AsaS,     ....  020 

AgjS   ....  002  FeCO.,    .    .    .  53'91 

HgS    ....  215  MnCO,  ....  2*97 

FeS 11-00  MgCOj.    .    .    .  1389 

Sb,^, 4-24 

The  ores  are  roasted  in  a  Czermak  furnace,  12,000  lb.  being  worked 
off  in  24  hours  with  a  fuel  consumption  of  120  cubic  feet  of  wood. 
The  vapours  leave  the  furnace  at  a  temperature  of  350 — 360°  C,  and 
pass  into  Czermak  condensers  made  of  earthenware  and  connected 
with  chambers  and  flues.  The  condenser  pipes  are  cooled  on  the 
outside  by  running  water  and  the  ends  dip  two  inches  deep  into  water 
which  is  contained  in  iron  tanks  lined  with  cement.  The  product  of 
condensation  is  soot  alone,  and  this  on  pressing  gives  49*51  per  cent. 
yf  quicksilver  and  50*49  per  cent,  of  mud  containing  6025  per  cent. 
~)f  mercury  and  4*21  per  cent,  of  mercuric  oxide.  Pressing  is  per- 
fornied  in  Exeli  presses  and  in  those  of  Lukasiewicz.  The  press 
•esidues  are  treated  in  Czermak  furnaces ;  the  distillation  residues 
jtill  contain  0*04  per  cent,  of  mercury.  The  Cfilcined  ores  which 
•on tain  11*72  per  cent,  of  copper  and  0025  per  cent,  of  silver  are 
(melted  at  the  copper  works  at  Witkowitz. 
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Extraction  op  Mercury  from  Metallurgical  Products 

The  chief  metallurgical  products  containing  mercury  are  soot 
and  the  amalgams  obtained  in  the  course  of  gold  and  silver  extrac- 
tion. The  process  of  soot  treatment  has  already  been  described 
The  extraction  of  mercury  from  gold  and  silver  amalgams  when  these- 
metals  are  obtained  by  amalgamation  has  been  fully  considered  in 
Volume  I.,  pages  842  and  972.  Mercury  is  also  obtained  in  small 
quantities  from  the  flue-dust  resulting  from  the  calcination  of  blende 
rich  in  mercury,  as  also  from  the  slimes  of  the  lead  chambers,  in 
which  the  sulphur  dioxide  evolved  on  calcining  these  blendes  is 
converted  into  sulphuric  acid.  The  Swedish  blende  calcined  at 
Oberhausen  contains  0*2  per  cent,  of  mercury,  according  to  Bellin- 
grodt.^  The  flue-dust  which  is  deposited  during  the  calcination  in 
the  dust  chambers  nearest  the  calcining  furnace  contains  6  to  7  per 
cent,  of  mercury,  the  slimes  of  the  lead  chambers  into  which  the 
products  of  calcination  are  conducted  4  per  cent,  of  mercury.  Both 
these  bye-products  are  treated  for  the  mercury  they  contain.  The 
mode  of  treatment  is  not  mentioned,  but  it  is  probably  by 
distillation. 

Fairly  large  quantities  of  quicksilver  are  won  at  Kotterbach  in 
Upper  Hungary  from  the  gases  evolved  during  the  calcination  of 
spathic  iron  ore  containing  small  amounts  of  mercurial  fahlores.*  The 
ores  for  calcination  are  mixed  so  as  to  contain  on  the  average : — 

Soluble  pai-t.  Insoluble  port. 


FeCOa   .  .  .  74-69  Cu^S  .  .        057            SiO,     .        .      317 

EeA     .  .  3-32  FeSg.    .  .        078            Al^O,   ,    .    f 

MnCOj.  .  .  3-59  A&^^    .  j  ^™^® 

MgCOg.  .  .  11-61  BaSOj  .            0  64 


0-85 


Oil 


Organic  matter  and  water,  0'65 


The  calcination  is  carried  out  in  shaft  furnaces,  and  the  gases  pro- 
duced, which  were  formerly  drawn  from  the  main  flue  by  means  ol 
Korting  injectors  with  clay  nozzles,  are  now  extracted  by  fens  ainl 
led  through  cast-iron  and  clay  flues  into  towers  made  of  two-inch 
larch  planks.  Two  towers  are  combined  in  a  block.  The  joints  of  the 
towers  are  caulked  with  hemp  and  a  mixture  of  kaolin,  tar,  and 
varnish.     Inside  of  each  tower  are  two  grids  heaped  up  with  him{«j 

1  Chftn.  Ztg.  1886,  No.  68. 
'^   Verhandlnngen  d.  Vereinszur  Beforde.rnwj  des  Oewerhefteisses,  1899,  vol.  v.  p.  ISj 
to  209,  vol.  vi.  and  vii.  p.  246. 
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of  limestone,  over  which  water  trickles  in  a  constant  stream.  The 
furnace  gases  enter  at  the  foot  of  the  first  tower,  rise  up  through  the 
grid  and  -between  the  stones,  are  drawn  downwards  through  wooden 
flues  (formerly  earthenware  pipes  were  used),  and  traverse  the  second 
tower  in  like  manner,  escaping  at  the  top  into  the  open  air.  The 
water  from  the  towers  was  formerly  run  direct  into  a  system  of  six 
settling  tanks  where  the  suspended  matter  separated  out  as  mud,  and 
the  supernatant  liquor  was  run  into  the  wash-waters  from  the  ore 
dressing,  so  that  its  sulphur  dioxide  contents  was  rendered  innocuous. 
The  quicksilver  present  in  the  furnace  gases  is  precipitated  partly  in 
the  flues  and  partly  in  the  tower  liquors,  being  present  as  dust  con- 
taining 9*8  per  cent,  of  mercuric  oxide  in  the  flues  in  front  of  the 
injector  or  fan,  and  as  a  grey  mud  containing  5*85  per  cent,  of 
mercuric  oxide  in  the  flues  behind  the  fan.  The  mud  which  collects 
in  the  settling  tanks  contains  660  per  cent,  of  mercuric  oxide.  The 
water  from  the  first  tower  contains  1*5  grains  per  gallon  of  quick- 
silver, that  from  the  second  tower  contains  1  grain  per  gallon. 
The  mercury  contained  in  the  waste  waters  used  to  be  precipitated 
with  residues  containing  soda.  At  present  the  liquors  condensed  in 
the  flues  and  those  from  the  towers  are  filtered  through  sulphite  filters 
and  ordinary  charcoal  filters,  and  are  freed  thereby  from  all  but  traces 
of  mercury.  All  the  products  containing  quicksilver  which  are 
obtained  in  this  way  from  the  furnace  gases  are  treated  along  with 
mercurial  fahlores  and  soot  at  the  works  at  Kotterbach. 

The  Extraction  of  Mercury  in  the  Wet  Way 

The  extraction  of  mercury  in  the  wet  way  has  been  repeatedly 
proposed,  but  has  not  yet  been  introduced,  nor  is  there  any  prospect 
of  its  introduction.  Sieveking^  proposes  to  treat  ores  containing 
cinnabar  with  a  solution  of  cuprous  chloride  in  salt  in  the  presence 
of  a  granulated  alloy  of  copper  and  zinc  in  revolving  barrels.  Cinnabar 
is  thereby  decomposed  with  the  liberation  of  mercury  and  the 
formation  of  cupric  sulphide  and  cupric  chloride,  as  shown  by  the 
equation : — 

Cu.Cla  +  HgS  =  CuCl^  +  CuS  -f  Hg. 

Metallic  mercury  amalgamates  with  the  copper-zinc  alloy,  and  can 
be  removed  from  the  latter  by  distillation.  Alkaline  sulphides  con- 
taining caustic  alkalies  (see  page  332)  also  gav^e  unfavourable  results 
as  also  did  the  use  of  cupric  chloride.  Solutions  of  bromine  in  water 
and  of  bromine  in  concentrated  hydrochloric  acid,  which  had  been 

»  Oe^Uerr,  Ztitsrhr.,  1876,  No.  2;  Berg-  und  Hiittenm.  Ztg.,  1876,  p.  161. 
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proposed  by  R.  Wagner/  have  not  come  into  use.  Mercury  can  bi* 
extracted  from  substances  containing  mercurous  chloride  by  sohition? 
of  hyposulphites. 

The  Electrolytic  Extraction  of  Mercury 
No  attempts  have  yet  been  made  to  extract  mercury  elt»ctrt- 
lytically.  In  view  of  the  simplicity  of  the  dry  methods  of  mercun- 
extraction,  it  is  doubtful  whether  the  electrolytic  method,  admitting 
even  its  possibility  in  the  case  of  poor  ores,  would  prove  more  advan- 
tageous than  the  dry  method,  in  spite  of  the  losses  in  the  latter.  It 
must,  however,  be  admitted  that  cinnabar  is  readily  soluble  in  solu- 
tions of  alkaline  sulphides  containing  caustic  alkalies,  and  that  the 
electrolysis  of  the  solutions  of  mercury  sulphide  and  oxide  thus 
obtained  should  oflfer  no  difficulties,  and  would  not  require  any  ven* 
high  electric  tension. 

According  to  Brand,^  cinnabar  is  readily  decomposed  at  the 
anode  of  an  electric  circuit,  whilst  mercury  is  thrown  down  at 
the  cathode,  a  solution  of  common  salt  or  dilute  hydrochloric  acid 
being  employed  as  a  bath.  The  tension  in  the  bath  is  said  t*t 
amount  to  1  volt.  The  power  to  extract  1  kilogram  of  mercury  in 
this  way  would  accordingly  amount  to 

1  volt  X 2665  amperes     n  e>i  u  i. 

--^^^    -  ^^^  ~  =0*54  horse-power  per  hour, 

650  watts  X  0  75  ^  ^ 

since  2665  amperes  can  deposit  1  kilogram  of  mercury  per  hour 

and  since  one  horse-power,  assuming  12  per  cent,  of  loss  in  convtr- 

sion,  would  yield  not  735,  but  650  watts,  and  since  the  loss  of  cumni 

by  conversion  into  heat,  by  short-circuiting,  &c.,  amounts  to  25  jh.t 

cent.     As  2  kilogram  of  coal   would  be  required  per  horse-puwtr 

per   hour,   the  coal  consumption   per   kilogram   of  mercurj'  woiil''. 

come    out    at    108    kilogram.      With    the    most    modem    sU\nu. 

engines,  the  loss  of  power  in  the  conversion  of  mechanical  work  into 

electrical  energy  amounts  to  9  per  cent.,  and  in  the  dynamo  to  6  per 

cent.,  making  a  total  of  15  per  cent.,  whilst  the  loss  of  current  inthi 

conductors  may  be  taken  as  10  per  cent,,  and  the  consumption  "^ 

coal  in  the  best  steam  engines  amounts  to  1  to  1*5  kilogram  p'f 

horse-power  per  hour.     A.  v.  Siemens  *  proposes  to  convert  mercuric! 

sulphide  (like  the  sulphide  of  antimony  and  arsenic)  into  a  bAwW 

double  sulphide  by  treatment  with  sulph-hydrates  of  calcium,  bariun  \ 

strontium,  or  magnesium,  and  to  electrolyse  this  without  diaphn\irii>j 

^  IHngler,  vol.  ccxviii.,  p.  254;  Chem.  CtiUraiblatty  1878,  p.  711. 
'^  Daminer,  Chem,  Techi\olo<fxey  vol.  ii.  p.  41. 
»  Kng.  Pat.  No  7123,  Apiil  1,  1896. 
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In  this  way  the  hydrogen  liberated  at  the  cathode  combines  with  the 
sulphur  of  the  mercuric  sulphide,  setting  free  mercury  and  forming  the 
sulph-hydrates  of  calcium,  barium,  strontium,  and  magnesium,  which 
latter  are  then  converted  into  bisulphides  by  the  oxygen  evolved 
during  the  electrolysis.  The  bisulphides  may  then  be  treated  with 
carbon  dioxide,  when  sulphuretted  hydrogen  will  be  evolved  and  the 
metals  thrown  down  as  carbonates  mixed  with  sulphur.  This  mixture 
heated  out  of  contact  with  air  yields  sulphur,  carbon  dioxide,  and 
the  oxides  of  the  earthy  metals ;  of  these  products  the  carbon  dioxide 
may  be  used  to  decompose  fresh  bisulphide  solutions,  and  the  sulphur 
and  the  oxides  of  the  metals  may  be  converted  into  fresh  sulph- 
hydrates.    This  process  has  not  found  practical  application. 

THE   MANUFACTURE   OF   ARTIFICIAL  CINNABAR 

At  many  works  a  portion  of  the  mercury  extracted  is  converted 
into  artificial  cinnabar,  as,  for  instance,  at  Idria  in  Camiola.  A  short 
account  of  the  preparation  of  cinnabar  at  this  place,  as  far  as  it  is 
not  kept  secret,  will  accordingly  be  given.  Artificial  cinnabar  can  be 
produced  both  in  the  dry  and  wet  way.  In  the  dry  way  the  sulphur 
is  combined  directly  with  mercury.  For  the  production  of  cinnabar 
in  the  wet  way  metallic  mercury  or  comiK)unds  of  mercury,  together 
with  sulphur,  are  treated  with  solutions  of  caustic  soda  or  potash, 
with  potassium  or  sodium  polysulphides,  with  ammonium  sulphide  or 
with  sodium  hyposulphite  at  suitable  temperatures.  Processes  for  the 
production  of  cinnabar  in  the  wet  way  have,  for  example,  been  devised 
by  KirchhoflF,  Brunner,  Firmenich,  Liebig,  Martens,  Fleck,  Gautier- 
Bouchard.  Haussmann,  and  Jean  Maire.  At  Idria  cinnabar  has  been 
pnxiuccd  in  the  dry  way  for  a  long  time.  Since  1880  it  has  also 
been  manufactured  in  the  wet  way  successfully ;  nothing,  however, 
can  be  said  about  the  latter  process,  as  it  is  kept  secret. 

Cinnabar  is  produced  in  the  dry  way  at  Idria  by  mixing 
together  mercury  and  sulphur  in  revolving  barrels,  heating  the 
mixture  produced  in  iron  retorts  so  as  to  complete  the  combination 
of  sulphur  with  mercury,  volatilising  the  excess  of  sulphur,  and 
finally  subliming  the  cinnabar  thus  formed,  which  is  then  ground 
and  refined  by  being  boiled  with  a  solution  of  potash.  The  first 
operation,  or  the  mixing  of  sulphur  and  mercury,  is  known  as  amal- 
gamation or  the  preparation  of  the  *'  Moor^  The  second  opemtion, 
or  heating  the  mixture  in  retorts,  is  known  as  subliming  the  Moor,  or 
the  production  of  lump  cinnabar.  The  third  operation,  grinding  the 
lump  cinnabar ;    and  the  last,  the  refining  of  cinnabar.     The  first 
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operation  consists    in   mixing   pounded   sulphur,  which   is    passed 
through  a  sieve  of  f -inch  mesh,  with  mercury  in  small  horizontal 
rotating  casks  made  of  elm,  with  internal  projecting  ridges.    16  parts 
6f  sulphur  are  added  to  84  parts  of  mercury ;  the  charge  for  a  barrel 
amounts  to  55  lb.     The  barrels  make  60  revolutions  per  minute,  30  t-j 
the  right  and  30  to  the  left.     After  two  or  three  hours'  treatment,  the 
black  mass  thus  produced,  known  as  the  crude   Moor,  is   removed 
from  the  barrels  and  submitted  to  the  second  operation.     The  second 
operation,   or  sublimation,   is   performed   in   cast-iron,   pear-shaped 
retorts,  each   of  which  holds   114  lb.   of  Moor,     There  are  six  of 
these  retorts  in  a  reverberatory  furnace  heated  with   wood.     Three 
stages  are  distinguished  in  this  operation,  viz.  Ahdamfen  {^"  boiling 
ofi''),  Stilcken  ("forming  lumps"),  and  SMWmtre7i  ("  sublimation"). 
In  the  first  stage  the  combination  of  sulphur  and  mercury  is  com- 
pleted ;  the  retorts  are  covered  with  hoods  of  sheet-iron,  the  necks 
of  which  point  upwards  and  project  from  the  arch  of  the  furnace. 
The  heat  is  raised  slowly,  and  in  fifteen  minutes  after  firing  hs^ 
commenced  the  combination  of  sulphur  and  mercury  is  eflFected  with 
a  violent  detonation,  whilst  a  flame  is  projected  from  the  retort.    At 
the  commencement  of  the  second  stage,. which  now  follows,  the  sheet- 
iron  hoods  are  replaced  by  hoods  of  clay,  and  the  fire  is  gradually 
raised  for  2^  hours,  during  which  time  the  excess  of  sulphur  is  vola- 
tilised.    At  the  commencement  of  the  third  stage,  condensers  aa- 
attached  to  the  hoods,  which  are  also  made  of  clay,  and  the  fire  is 
raised  until  the  cinnabar  sublimes.     That  known  as  lump  cinnabar 
deposits  first  in  the  cooler  portions  of  the  condensers  and  afterwanl> 
in  the  hoods,  this  sublimation  lasting  about  four  hours.     It  is  complete 
when  flames  of  burning  sulphur  are  visible  from  time  to  time  about 
the  hood  and  condenser.     The  latter  are  now  removed,  and  after  the 
greater  portion  of  the  cinnabar  has  been  extracted  from  them  thov 
are  broken  into  pieces  and  the  fragments  are  carefully  cleaned  from 
any  cinnabar  that  may  adhere  to  them.     Lump  cinnabar  and  scrapings 
are  thus  obtained,  the  latter  being  added  during  the  next  sublima- 
tion.    Of  the  lump  cinnabar  70  per  cent,  is  obtained  from  the  hoo^ls 
25  per  cent,  from  the  first,  and  5  per  cent,  from  the  second  condenser 
The  lump  cinnabar  is  ground  under  water  to  prevent  any  loss  of  d«s:, 
and  to  obtain  it  in  the  form  of  as  unifonn  a  powder  as  possible.    Th^.- 
mill  consists  of  a  fixed  stone  and  a  horizontal  stone  runner,  the  latter 
revolving  in  a  wooden  casing  at  the  rate  of  40  revolutions  per  minute 
The  ground  cinnabar,  known  as  vermilion,  flows  from  a  spout  into  * 
clay  vessel  placed  beneath  it.     If  a  lighter  shade  of  cinnabar  ii«  n- 
quired,  it  must  be  ground  repeatedly,  up  to  five  times.     At  eiu-r 
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fresh  grinding  the  distance  between  the  grindstones  is  decreased. 
Three  grades  of  vermilion  are  made,  viz.,  bright  red,  dark,  and 
Chinese  vermilion.  To  improve  its  colour,  vermilion  is  subjected 
to  what  is  known  as  refining. — ^This  consists  in  boiling  the  vermilion 
with  a  solution  of  potash  of  10°  to  13°  B.  in  cast-iron  kettles.  The 
charge  for  each  consists  of  2  cwt.  of  vermilion  and  48  to  50  lb.  of 
lye.  The  boiling  lasts  for  ten  minutes.  At  the  end  of  this  time 
the  vermilion  is  allowed  to  settle,  and  it  is  then  ladled  into  tanks. 
The  lye  that  is  left  in  the  kettle  is  used  to  treat  two  charges  more. 
The  vermilion  is  repeatedly  washed  with  hot  water  in  the  tanks,  and 
then  freed  from  excess  of  water  by  filtering  though  canvas.  It  is 
finally  dried  in  clay  pans  at  a  temperature  of  50°  to  70°  C.  The  dry 
vermilion  is  crushed  under  wooden  hand-rolls,  and  is  then  sent  into 
the  market  packed  in  sheepskins  or  in  bags.  The  production  of 
cinnabar  in  the  wet  way,  as  already  mentioned,  is  kept  secret. 


BISMUTH 

Physical  Properties 

Bismuth  has  a  characteristic  reddish-white  colour  and  high 
lustre.  It  crystallises  in  the  hexagonal  system  in  obtuse  rhombo- 
hedra  with  an  angle  87°  40',  which  have  the  appearance  of  cubes. 
Its  fracture  is  coarsely  crystalline.  Its  hardness  is  low,  between 
2  and  2'5,  and  it  is  so  brittle  that  it  can  be  pounded.  Molten 
bismuth  expands  on  solidifying  by  2*35  per  cent.  According  to 
Roberts,  the  specific  gravity  of  solid  bismuth  is  9'82,  of  fluid  bismuth 
10*055.  The  melting  point  of  bismuth  is  given  by  Rudberg  and 
Riemsdijk  as  2683°  C. ;  by  Person  as  2705°  C.  Ledebur  found  that 
commercial  bismuth  melts  at  260°  C.  According  to  Classen,  pun* 
bismuth  produced  by  electrolysis  melts  at  264°  C.  At  a  high  tem- 
perature molten  bismuth  volatilises ;  its  boiling  point  has  not  been 
exactly  determined,  but  according  to  Camellyit  lies  between  1,090 
and  1,450°  C.  Bismuth  has  the  lowest  thermal  conductivity  of  any 
of  the  metals  ;  it  amounts  to  18  compared  to  that  of  silver  taken  a? 
1,000.  Regnault  gives  the  specific  heat  of  bismuth  between  0'  and 
100°  C.  as  00308.  The  linear  expansion  of  bismuth  by  heat  between 

0°  and  100°  C.  amounts  to  0001341    =   743  of  its  length  at  0'  C 

according  to  Calvert  and  Johnson.  The  electric  conductivity  of  bis 
muth  is  1*19  at  13*8°  C.  according  to  Matthiesen,  that  of  silver  at  0' 
being  taken  as  100.  Bismuth  is  the  most  strongly  diamagnetic  it 
all  bodies. 

Commercial  bismuth  is  generally  rendered  impure  by  an  admix- 
ture of  foreign  bodies,  chiefly  silver,  lead,  copper,  arsenic,  iron,  nickel, 
cobalt,  and  sulphur,  at  times  also  thallium  and  tellurium,  which 
affect  the  above-named  physical  characteristics.  When  impm- 
bismuth  is  melted  and  allowed  to  solidity,  numerous  globules  •'! 
pure  bismuth,  or  if  lead  and  silver  be  present,  of  bismuth  allovf^i 
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with  these  metals,  are  formed.  Pure  bismuth  does  not  show  this 
pheDomenon.  It  depends  upon  the  fact  that  the  alloys  of  bismuth 
with  bodies  other  than  lead  and  silver  expand  on  solidification,  and 
therefore  expel  the  bismuth,  or  the  alloys  of  bismuth  with  lead  and 
silver,  which  will  still  be  fluid  on  account  of  their  low  melting 
point.  This  phenomenon  must  be  borne  in  mind  in  taking  samples 
of  bismuth. 


The  Chemical  Properties  of  Bismuth  and  its  Compounds 
that  are  of  importance  in  its  extraction 

Bismuth  is  not  affected  in  the  air  at  the  ordinary  temperature. 
Heated  in  the  air,  it  is  covered  shortly  before  melting  with  a  greyish- 
black  coating  of  bismuthous  oxide  ;  if  the  heating  is  continued  up 
to  redness,  a  film  of  bismuthic  oxide  forms,  which  is  yellow  or  green 
in  the  case  of  pure  bismuth,  but  has  a  violet  or  blue  colour  if  the 
metal  is  impure.  At  bright  redness  it  burns  with  a  bluish  flame 
to  bismuthic  oxide,  which  appears  in  the  form  of  a  yellow  smoke. 
Water  free  from  air  does  not  affect  bismuth  at  ordinary  temperatures ; 
when  containing  air  it  affects  it  slowly,  converting  it  into  a  basic 
carbonate.  Water  vapour  is  decomposed  by  bismuth  only  at  a  white 
heat,  and  then  but  slowly.  Bismuth  combines  directly  with  chlorine, 
bromine,  and  iodine.  Nitric  acid  and  aqua  regia  dissolve  bismuth 
readily.  Dilute  sulphuric  acid  and  cold  sulphuric  acid  do  not  attack 
it ;  it  is,  however,  dissolved  by  hot  concentrated  sulphuric  acid  with 
the  formation  of  bismuthic  sulphate  and  the  evolution  of  sulphur 
dioxide.  Dilute  hydrochloric  acid  does  not  attack  it ;  hot  concen- 
trated acid  dissolves  it,  but  with  difficulty.  Bismuth  is  precipitated 
as  metal  from  solutions  of  its  salts  by  metals  of  the  alkalies  and 
the  alkaline  earths,  zinc,  manganese,  iron,  nickel,  cadmium,  copper, 
tin,  and  lead. 

Oxides  of  Bismuth 

Bismuth  forms  four  compounds  with  oxygen,  viz.,  bismuthous 
)xide  (BijOj),  bismuthic  oxide  (Bi^Og),  bismuth  tetroxide  (BigO^), 
ind  bismuthic  anhydride  (BigOg).  Bismuthous  oxide  (BigOg)  is 
obtained  in  the  form  of  a  brown  precipitate  when  a  mixture  of 
solutions  of  bismuthic  and  stannous  chlorides  is  poured  into  dilute 
solution  of  caustic  potash.  When  dried  and  heated  in  the  air  it 
)urns  to  bismuthic  oxide.  Bismuthous  oxide  is  produced  in  the  dry 
ivay  as  a  greyish-black  powder  when  metallic  bismuth  is  heated  in 
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the  air  to  near  its  melting  point.  In  moist  air  it  becomes  more 
highly  oxidised,  and  when  heated  in  the  air  is  transformed  inUt 
yellow  bismuthic  oxide.  Bismuthic  oxide  is  obtained  by  oxidising 
the  metal  at  a  red  heat,  by  heating  bismuthic  nitrate  or  carbonate, 
as  also  by  precipitating  bismuthic  hydrate  from  a  solution  of  the 
nitrate  by  a  solution  of  potash  of  soda,  and  heating  the  solution  to 
boiling.  Bismuthic  oxide  is  a  yellow  powder  soluble  in  nitric,  hydro- 
chloric, and  sulphuric  acids.  It  melts  at  a  red  heat  to  a  reddish- 
brown  fluid,  which  solidifies  to  a  yellow  crystalline  mass.  Bismuthic 
oxide  shares  this  property  of  fusibility  with  lead  oxide.  Bismuth 
can  therefore  be  cupelled  oflF  from  silver  in  the  same  way  as  lead. 
As,  however,  bismuth  is  not  so  readily  oxidised  as  lead,  the  lead 
may  be  partly  cupelled  off  from  bismuth ;  on  the  other  hand, 
bismuthic  oxide  is  much  more  readily  reduced  to  metal  than  lead 
oxide,  so  that  molten  bismuthic  oxide  is  reduced  to  the  metallic  stau- 
by  lead.  Bismuthic  oxide  is  reduced  to  bismuth  on  a  large  scale  by 
means  of  carbon.  This  oxide  shows  in  its  chemical  affinities  great 
similarity  with  the  corresponding  oxide  of  antimony.  It  has  but 
little  affinity  for  acids ;  its  salts  are  decomposed  by  the  addition  of  a 
large  volume  of  water,  with  the  formation  of  basic  salts.  Bismuth 
tetroxide  (BigO^)  corresponds  with  antimony  tetroxide,  and  may  be 
looked  upon  as  bismuthic  bismuthate  (BiOBiOg).  It  is  obtained  by 
melting  bismuthic  oxide  with  caustic  potash  in  the  air,  by  igniting 
bismuthic  oxide,  caustic  potash  and  chlorate  of  potajsh  in  a  silver 
crucible,  as  also  by  treating  bismuthic  oxide  suspended  in  water  with 
caustic  potash  and  chlorine  until  the  mass  assumes  a  yellowish-red 
colour  If  chlorine  is  passed  for  a  further  period  into  the  solution, 
compounds  of  the  alkaline  bismuthate  with  bismuthic  acid  form.  By 
digestion  in  dilute  nitric  acid  and  washing,  bismuthic  acid  (HBiOj 
can  be  separated.  Bismuthic  anhydride  (BigO^)  is  obttuned  bv 
heating  bismuthic  acid  to  130°  C  If  heated  still  further,  bismuthic 
anhydride  evolves  oxygen.  It  is  also  decomposed  by  sulphuric  acid 
and  hydrochloric  acid,  with  the  evolution  of  oxygen  or  chlorine. 

Chlorides  of  Bismuth 

Bismuth  forms  two  compounds  with  chlorine,  viz.,  bismiithou> 
chloride  (BigClj)  and  bismuthic  chloride  (BiClj).  Bismuthous  chhn 
ride  is  obtained  by  heating  pulverised  bismuth  with  mercunniJ' 
chloride,  or  by  melting  bismuthic  chloride  and  bismuth  together.  I: 
forms  a  black  substance  which  attracts  moisture  from  the  air,  and  t 
decomposed  by  water  and  by  dilute  mineral  acids.     When    heaiol 
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more  strongly,  it  is  decomposed  into  volatile  bismiithic  chloride  and 
bismuth. 

Bismuthic  chloride  (BiClj)  is  obtained  by  heating  bismuth  in 
chlorine  gas,  by  heating  pulverised  bismuth  with  mercuric  chloride, 
and  by  dissolving  bismuthic  oxide  in  hydrochloric  acid.  It  forms 
a  white  mass,  deliquescent  in  air,  which  is  volatile  at  427°  to 
439'  C,  It  is  decomposed  by  water,  and  if  a  sufficient  quantity  of 
water  is  employed,  the  whole  of  the  bismuth  present  is  precipitated 
as  oxychloride  in  accordance  with  the  equation : — 

BiClg  +  HgO  =  BiOCI  +  2HC1. 

The  oxychloride  forms  a  dazzling  white  powder,  which  was  formerly 
used  as  a  cosmetic. 

Oxy-Salts  of  Bismuth 

Of  the  oxy-salts  of  bismuth,  the  sulphate  and  nitrate  are  the 
most  important.  There  are  several  compounds  of  bismuth  with 
sulphuric  acid  which  can  be  produced  by  dissolving  bismuthic  oxide 
in  sulphuric  acid.  From  some  of  these  compounds  water  precipitates 
basic  bismuthic  sulphate.  Bismuthic  sulphate  is  decomposed  on 
leating,  although  imperfectly,  into  the  oxide  and  sulphur  trioxide,  or 
sulphur  dioxide  and  oxygen.  Bismuthic  nitrate,  Bi(N03)3,  is  obtained 
)y  dissolving  bismuth  in  nitric  acid.  It  forms  colourless  crystals 
nth  5  molecules  of  water  of  crystallisation.  Water  precipitates  a 
m\Q  nitrate  from  the  solution,  whilst  acid  salts  remained  dissolved. 
Jasic  bismuth  nitrate  is  used  in  medicine  and  as  a  cosmetic. 

Sulphides  of  Bisinuth 

Bismuth  forms  two  compounds  with  sulphur,  viz.,  bismuthous 
ulphide  (BijSg)  and  bismuthic  sulphide  (BigSj).  Bismuthous  sul- 
hide  (BijSa)  is  obtained  in  combination  with  water  on  treating  the 
ilution  of  a  bismuthous  salt  with  sulphuretted  hydrogen  in  the 
bsence  of  air.  A  black  powder  of  the  composition  Bi2S2  +  2H20  is 
lus  obtained.  In  the  dry  way  bismuthous  sulphide  is  produced  by 
lelting  together  sulphur  and  bismuth  in  the  proportion  of  their 
tomic  weights.  At  a  strong  heat  it  is  decomposed  into  bismuthous 
ilphide  and  metallic  bismuth.  Bismuthic  sulphide  (BigSg),  which 
found  in  nature  as  bismuth  glance,  can  be  obtained  in  the  form  of 
l)luish-grey  foliated  mass  by  melting  bismuth  with  an  excess  of 
dphur ;  in  the  wet  way  it  is  produced  in  the  form  of  a  blackish- 
*owD  precipitate  by  passing  sulphuretted  hydrogen  into  a  solution 
bismuthic  salts      It  is  soluble  in  boiling  concentrated  hydrochloric 
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acid  and  in  nitric  acid.  If  water  vapour  is  passed  over  red-hot 
bismuthic  sulphide,  according  to  Regnault,  sulphuretted  hydrogen, 
bismuthic  oxide,  and  a  small  quantity  of  metallic  bismuth  are 
produced.  By  passing  hydrogen  over  red-hot  bismuthic  sulphide, 
sulphuretted  hydrogen  and  metallic  bismuth  are  obtained.  Bismuthic 
sulphide  heated  in  the  air  is  converted  into  bismuthic  oxide  an<i 
bismuthic  sulphate,  sulphur  dioxide  being  evolved.  The  sulphate 
is  only  imperfectly  decomposed  by  increasing  the  temperature.  A 
mixture  of  bismuthic  oxide  and  sulphate  are  therefore  ahva\> 
obtained  as  the  products  of  the  oxidising  roasting  of  bismuthic 
sulphide.  Bismuthic  sulphide  can  be  melted  with  metallic  bismuth 
in  all  proportions.  It  is  said  that  at  very  high  temperatures  the 
sulphur  can  be  volatilised  almost  completely.  According  to  Mourlot/ 
bismuth  sulphide  loscb  all  its  sulphur  in  10  minutes  when  a  curreDt 
of  300  amperes  at  50  volts  is  passed  through  it. 

The  compounds  of  bismuth  with  phosphorus  and  arsenic  an* 
decomposed  on  heating.  Bismuth  phosphide  is  completely  dec»>ni- 
posed  into  phosphorus  and  bismuth.  The  last  portions  of  arsenic  can. 
however,  only  be  removed  with  difficulty  from  arsenide  of  bismuth. 

A  llo-ys  of  Biam  xUh 

Bismuth  alloys  with  a  number  of  metals,  and  causes  the  resulting 
alloys  to  melt  at  a  low  temperature.  Alloys  which  are  used  in  thw- 
arts on  account  of  their  low  melting  points  are  those  of  Newton 
Rose,  Lichtenberg,  Wood,  and  Lipowitz  Their  compositions  and 
melting  points  are  shown  in  the  following  table : — 


Ahoy  of 

Bi 

Guru  position. 

Pb    ;    Su 

t            1 

1 
Cd    1 

1      ' 
3 

Moltiug  point. 

1  Newton 

Rose 

1  Lichtenberg  .    .    . 

Wood     ... 

Lipowitz        .    .    . 

2 
2 
5 
4 

1  iri 

5         3    1 

1  1     ' 
3        2    1 

2  1     1 
8         4 

94-5''  C. 

93-75^ 

91-6'' 

71  •0'* 
60-0'' 

These  are  used  for  light  solders,  for  stopping  teeth,  for  tiikuij. 
impressions  of  woodcuts  and  coins,  and  for  safety-plugs  for  boilers. 

Zinc  will  only  take  up  2*4  per  cent,  of  bismuth,  whilst  bisumiu 
will  take  up  as  much  as  14"3  per  cent,  of  zinc.  Antimony  alK-y 
»  Com^.  rend.,  1897,  124,  I.,  768, 
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with  bismuth  in  all  proportions.  If  an  alloy  of  lead  and  bismuth  is 
heated  in  the  air  to  redness,  the  lead  oxidises  first,  and,  after  its 
removal,  the  bismuth.  On  account  of  the  easy  fusibility  of  lead 
oxide,  it  is  therefore  possible  to  separate  lead  from  bismuth  by  an 
oxidising  fusion  of  the  alloy.  When  such  an  alloy  is  treated  by  the 
Pattinson  process,^  the  bismuth  may  be  collected  in  an  alloy  rich  in 
bisnmth,  whilst  the  bulk  of  the  lead  is  obtained  free  from  bismuth,^ 
the  bismuth  following  the  silver  into  the  enriched  lead.  If  an  alloy 
of  lead  and  bismuth  with  silver  or  gold  is  heated  in  the  air,  the  lead 
is  first  oxidised,  and  then  the  bismuth,  the  silver  or  gold  retaining  a 
small  proportion  of  the  bismuth. 

From  alloys  of  gold  and  bismuth  containing  but  small  quantities 
of  gold,  the  gold  may  be  removed  by  means  of  zinc,  a  small  portion 
of  the  bismuth  being,  however,  retained  in  the  zinc  and  gold 
alloy.^ 

Ores  of  Bismuth 

The  ore  which  furnishes  the  greatest  quantity  of  bismuth  is 
metallic  bismuth.  It  is  found  in  Europe  in  the  Erzgebirge  of 
5axony  (Schneeberg,  Johann-Qeorgenstadt,  Schwarzenberg,  Al ten- 
berg,  Zinnwald) ;  in  Bohemia  (Joachimsthal),  Carinthia  (Lolling), 
5tjTia  (Salzburg),  the  Banate  (Cziklova) ;  Sweden  (Fahlun) ;  Norway 
Bleka) ;  England  (Redruth,  Cornwall,  and  Carrock  Fell,  Cumber- 
and) ;  Scotland  (Alva,  Stirlingshire).  Outside  of  Europe  it  occurs 
n  the  United  States  of  North  America  (Utah),  in  Peru,  Chili  (San 
Intonio  del  Potrero  Grande),  and  more  particularly  in  Bolivia 
Illimani,  Tasna,  Chorolque,  Oruro,  Guiana,  Potosi,  Sorata),  and  in 
Australia  (Queensland  and  New  South  Wales). 

Bismuth  ochre  (BigO,),  containing  89*7  per  cent,  of  bismuth, 
ind  generally  intermixed  with  iron,  copper  and  arsenic,  occurs  in 
Johemia,  Siberia,  Cornwall  (St.  Agnes),  France  (Meymac,  Dep. 
yorreze),  and  in  Bolivia.  This  mineral  is  often  mixed  with  bis- 
authic  carbonate  and  hydrate.  Bismuthic  carbonate  or  hydro- 
arbonate  occurs  by  itself  in  Cornwall,  France  (Meymac),  Bolivia, 
Inited  States  of  North  America  (Arizona,  Colorado),  aud  Australia 
Queensland). 

Bismuth  glance  or  bismuthine  (BigSg),  containing  81  25  per  cent, 
f  bismuth,  occurs  in  Cumberland,  Comwal),  Saxony,  Sweden,  Bolivia, 
Colorado  and  Queensland.  The  other  minerals  conUiining  bismuth 
re  of  no  importance  for  the  extraction  of  that  metal.     Among  these 

^  Vol   i.,  p.  625.  *  Matthey,  Proc.  Royal  Society,  vol.  xiii.,  p.  89. 

'  Matthey,  loc,  cit, 
VOL.  II  G   G 
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may  be  enumerated  copper  bismuth  glance  (wittichenite),  sihi 
bismuth  glance,  bismuthic  cobaltic  pyrites,  bismuthic  nickel  pj^rit^ 
bismuthic  silicate  (eulytine),  telluride  of  bismuth  (tetradymiU 
tellurate  of  bismuth,  seleno-  and  sulpho-telluride  of  bismuth  ai 
needle-ore  (aikinite). 

Fwmace  Produds  containing  Bismuth 

The  bismuth  which  occurs  in  small  quantity  in  various  ores 
concentrated  in  certain  metallurgical  products,  the  latter  of  whic 
therefore,  form  the  material  for  the  extraction  of  bismuth  ;  amoi 
such  metallurgical  products  may  be  mentioned  work- lead,  litharg 
hearths,  cupel  bottoms,  nickel  and  cobalt  speiss. 

I 

EXTRAC?riON   OF   BiSMUTH  | 

Bismuth  is  extracted  both  in  the  dry  way  and  by  means  of  th 
wet  way.  The  electrolytic  method  of  bismuth  extraction  has  bee 
proposed  for  alloys  of  bismuth  and  lead,  but  has  not  as  yet  bee 
adopted  to  any  extent.  By  far  the  greatest  portion  of  the  bismuti 
that  is  at  present  produced  is  got  in  the  dry  way,  at  the  cobal 
works  at  Oberschlemma  and  Pfannenstiel  in  Saxony,  which  tre^ 
principally  ores  from  Schneeberg  and  Austro-Hungary,  and  froi 
the  works  of  Johnson,  Matthey  and  Co.,  in  London,  which  trei 
chiefly  Australian  and  South  American  ores. 

The  dry  method  should  be  used  as  a  rule  for  ores  rich  i 
bismuth  and  for  ores  containing  bismuth  in  the  metallic  stat^ 
The  wet  way  is  employed  for  the  extraction  of  bismuth  fn>i 
metallurgical  products,  from  poor  oxidised  bismuthic  ores  as  ;i!i3 
for  the  extraction  or  removal  of  bismuth  from  the  ores  whic 
contain  it  as  a  subsidiary  constituent  (tin  ores  carrying  bismuth 
Bismuth  obtained  in  the  dry  or  wet  way  is  generally  rendere 
impure  by  a  number  of  foreign  bodies  which  interfere  with  il 
employment  for  certain  purposes,  especially  for  the  preparation  < 
pharmaceutical  products.     It  has,  therefore,  to  be  refined. 

Extraction  of  Bismuth  in  the  Dry  Way 

The  extraction  of  bismuth  in  the  dry  way  from  ores  varies  wid 
the  composition  of  the  latter,  and  depends  upon  the  low  meltii^ 
point  of  the  metal,  the  decomposability  of  the  sulphide  by  iron,  aiK 
the  possibility  of  converting  bismuthic  sulphide  into  a  mixtim*  u 
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sulphate  and  oxide  by  means  of  an  oxidising  roasting,  and  the 
educibility  of  the  oxide  by  means  of  carbon,  and  upon  the  difficulty 
)f  oxidising  bismuth  in  the  air  at  high  temperatures.  On  account 
)f  the  low  melting  point  of  bismuth  (270"C),  it  can  be  separated  by 
simple  fusion  from  the  minerals  and  gangue  accompanying  it.  The 
fusion  may  take  the  form  either  of  a  liquation  of  the  bismuth  from 
ihe  accompanying  minerals,  or  of  a  fusion  of  the  bismuth  and  accom- 
panying minerals  with  the  formation  of  a  slag.  Bismuth  is  extracted 
from  bismuthic  oxide  by  a  reducing  fusion  with  carbon,  the  other 
constituents  being  slagged  off.  From  bismuthic  sulphide,  bismuth 
3an  be  obtained  either  by  an  oxidising  roasting  followed  by  a 
reducing  fusion  with  carbon,  or  by  melting  with  iron  with  the 
Formation  of  ferrous  sulphide  and  separation  of  bismuth.  From  its 
alloys  with  lead,  bismuth  may  be  extracted  by  cupellation  of  the  latter 
until  the  lead  has  been  removed  in  the  form  of  litharge.  From 
lUoys  of  the  precious  metals  bismuth  may  be  extracted  by  cupella- 
tion, and  reduction  of  the  bismuthic  oxide  thus  obtained  by  means 
>f  carbon.     We  have  accordingly  to  distinguish  : — 

(1)  The  extraction  of  bismuth  from  ores. 

(2)  The  extraction  of  bismuth  from  metallurgical  products. 


i.  The  Extraction  of  Bismuth  in  the  Dry  Way  from  Ores 
Under  this  heading  we  have  to  distinguish  : — 

(a)  The  extraction  of  bismuth  from  ores  containing  it  in  the 
native  state. 

(b)  The  extraction  of  bismuth  from  bismuthite. 

(c)  The  extraction  of  bismuth  from  ores  which  contain  it  in  an 
3xidised  state. 

a.  The  Extraction  of  Bismuth  from  Ores  containing  the  Native  Metal 

Bismuth  may  be  separated  from  ores  containing  it  in  the  form  of 
[netal,  either  by  a  process  of  liquation  or  by  fusion,  in  which  the 
entire  mass  is  liquefied.  The  objection  to  the  process  of  liquation  is 
that  the  bismuth  is  only  imperfectly  extracted  by  it,  and  that  other 
compounds  of  bismuth,  which  frequently  occur  intermixed  with  the 
native  metal,  are  not  extracted,  and  remain  in  the  residues.  Fusion 
processes  proper,  on  the  other  hand,  not  only  yield,  on  account  of  the 
liquefaction  of  the  entire  mass,  a  much  better  output  of  native 
bismuth,   but    also    admit   of    the   addition   of    desulphurising    or 
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reducing  agents  to  the  ores,  which  will  simultaneously  extract  the 
bismuth  from  the  sulphur  or  oxygen  compounds  that  may  be  con- 
tained in  the  ores,  together  with  the  native  bismuth.  The  extraction 
of  bismuth  by  the  fusion  process  is,  therefore,  preferable  to  era- 
ploying  liquation  ;  for  which  reason  the  latter  process,  which  was 
formerly  employed,  has  now  been  replaced  everywhere  by  the  former 
methods. 

The  Extraction  of  Bisunuth  by  Liquation 

This  process  was  formerly  in  use  in  Saxony.  It  was  carried  out 
in  inclined  cast-iron  pipes,  from  the  lower  end  of  which  the  bismuth 
flowed  out  as  soon  as  it  had  reached  its  melting  point,  whilst  the 
diflScultly  fusible  gangue  remained  behind.  The  older  liquation  fur- 
naces were  designed  by  Plattner,  and  have  been  afterwards  suitably 
modified  by  Giinther.  Plattner's  furnace  is  shown  in  Fig.  381,  in 
which  r  is  the  grate,  E  the  furnace  body/,  /  are  stacks,  s,  s  are  the, 
inclined  cast-iron  pipes,  which — eleven  in  number — are  arranged  in 
two  tiers.  (Only  half  the  furnace  is  shown  in  the  cut.)  They  are  4 
feet  long,  10  to  12  inches  high  and  6  to  8  inches  broad,  each  holding 
up  to  33  lbs.  of  ore.  They  are  charged  from  the  upper  end,  which, 
during  the  course  of  the  operation,  is  kept  closed  by  a  sheet-iron  cover. 
The  liquid  bLsmuth  flows  out  from  the  pipes  through  a  small  opening. 
0,  at  their  lower  ends,  into  two  gutters  a,  inclined  towards  the  centre 
of  the  furnace,  which  discharge  into  a  movable  kettle,  6,  which  is  kept 
heated.  Moulds  supported  upon  a  carriage  are  run  underneath  the  lip 
of  the  kettle,  and  the  fluid  bismuth  collected  in  the  latter  is  pourwl 
into  them.  The  residues  from  the  liquation  are  drawn  out  at  the  upper 
end  of  the  pipes  and  fall  into  a  box  provided  with  a  perforated  bottom 
and  standing  in  water,  which  can  be  lifted  out  from  the  tank  in  which 
it  rests.  By  dropping  these  residues  into  water  they  are  at  once 
cooled,  and  there  is  nothing  to  prevent  the  pipes  being  immediately 
re-charged  with  fresh  ore.  In  a  furnace  of  this  kind  at  Schneeberg 
in  Saxony,^  bismuthic  cobalt  and  nickel  ores  containing  up  to  12  p^-r 
cent,  of  bismuth  were  liquated.  The  charge  for  a  tube  amounted  ti 
22  to  31  lbs.,  the  liquation  of  which  took  from  16  to  20  minutes: 
the  ftiel  consumption  of  such  a  furnace  was  equal  to  590  cubic  feet 
of  firewood  in  24  hours.  The  residues  still  retained  one-third  of  tht 
bismuth  present  in  the  ore,  and  were  smelted,  forming  a  bismuth:-^ 
speiss  from  which  another  portion  of  bismuth  was  extracted  by 
liquation  upon  liquation  hearths. 

The  furnace,  as  modified  by  Giinther,  is  shown  in  Fig  382.*    Th^' 

1  Plattner,  Huttenkunde,  p.  23.  '^  Kerl,  MetaUhutUnkunde,  p.  53l». 
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residues  can  be  more  easily  removed  from  this  furnace  than  from  the 
Plattner  frimace.    The  tubes  are  ftimished  at  their  lower  end  with  a 
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rating,  ^,  ^,  made  of  7  cast-iron  bars,  upon    which    the  ore  rests, 
'he  tubes  are  charged  from  their  upper  end  after  the  cover,  7i,  is 
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removed.  The  heat  generated  upon  the  fire-grate  B  melts  the 
bismuth  which  flows  through  the  spaces  between  the  bars  of  the 
grating,  g,g,  to  the  opening,/,  through  which  it  runs  out  into  iron 
moulds,  /,  standing  in  front  of  it.  The  residues  are  removed  from 
the  lower  end  of  the  tubes.  For  this  purpose  the  cover,  which  is 
movable  about  a  hinge,  q,  is  lifted  up,  and  the  residues  are  drawn  out 
over  the  grating  on  to  an  iron  plate  lying  in  front  of  the  tube. 

The  Extractimi  of  BismtUh  hy  Processes  of  Fusion 

For  the  extraction  of  bismuth  by  complete  fusion,  cnicible 
furnaces  are  best  employed.  Shaft  furnaces  have  not  given  satis- 
factory' results  because  the  bismuth  rapidly  destroys  the  walls, 
penetrates  into  them  in  consequence  of  its  fluidity,  and  is  slagged 
ofi^  in  considerable  quantity.  As  the  methods  of  dry  extraction  are 
kept  secret,  the  author  does  not  know  whether  reverberatory  fiimaces 
have  ever  been  used  for  the  extraction  of  bismuth  from  ores  carrying! 
the  native  metal.  If  the  native  ores  contain  sulph-arsenides  of  cobalt 
and  nickel  and  bismuthic  sulphide,  the  ores  are  calcined  before  fusion! 
in  order  to  remove  the  sulphur  and  a  portion  of  the  arsenic.  In  I 
order  to  complete  the  decomposition  of  the  sulphide  of  bismuth,  iron  \ 
is  added  during  the  process  of  fusion.  Carbon  is  added  for  the  re 
duction  of  the  bismuthic  oxide,  and  soda,  felspar,  lime,  quartz  or  slagis 
may  be  added  to  slag  off  the  gangue.  At  the  cobalt  works  of 
Oberschlemma,  near  Schneeberg,  ores  of  bismuth  containing  cobalt 
and  nickel  are  first  calcined  to  remove  the  sulphur  and  arsenic,  and 
then  smelted  in  the  smalt  furnaces  with  carbon,  iron  and  slags, 
producing,  together  with  metallic  bismuth,  a  speiss  containing  arsenio 
iron,  nickel  and  cobalt,  and  a  slag.  The  molten  mass  is  poured  inti 
iron  pans,  in  which  bismuth  separates  out  at  the  bottom,  over  it  th« 
speiss  and  the  slag  on  the  top.  After  the  speiss  and  slag  have 
solidified,  the  bismuth,  which  remains  fluid  in  consequence  of  its  low 
melting  point,  is  tapped  off  from  the  solidified  substances. 

At  Joachimsthal,  in  Bohemia,  ores  containing  lead,  nickel,  cobcilt, 
uranium,  silver,  iron,  arsenic,  sulphur  and  gangue,  with  an  average  «»1 
10  per  cent,  of  bismuth,  used  to  be  treated  by  fusion  in  Hessiar 
cnicibles  in  charges  of  1  cwt.,  mixed  with  soda  (15  to  50  per  cen' 
lime  (5  per  cent.),  fluorspar  (5  per  cent.),  and  iron  turnings  (28  i^  t 
cent.)  under  a  cover  of  soda  equal  to  5  per  cent,  of  the  weight  of  th* 
ore.  The  fusion  was  effected  in  an  air  furnace,  charcoal  being  used  .i:! 
fuel.  The  slag  that  formed  was  removed  fix)m  time  to  time,  a  com: 
spending  quantity  of  fresh  charge  being  introduced.     The  products 
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were  slag,  bismuth,  and  speiss.  In  24  hours  2  to  3  cwts.  of  ore  were 
treated.  The  crucibles  lasted  3  to  4  days.  Subsequently  the  process 
of  fusion  was  preceded  by  one  of  calcination,  the  ores  in  quantities  of 
4  to  10  cwts.  being  calcined  for  a  period  of  4  to  6  hours  in  reverber- 
atory  furnaces  fired  with  lignite.  When  so  much  of  the  slag  had 
been  ladled  out  from  the  crucible  that  the  entire  contents  consisted 
of  bismuth  and  speiss,  the  latter  were  poured  into  conical  iron  moulds 
at  the  bottom  of  which  the  bismuth  was  deposited.  After  the  mass 
had  solidified,  the  bismuth  was  knocked  off  from  the  speiss  and  freed 
from  any  adhering  speiss  and  other  difficultly  fusible  impurities  by 
liquating  in  iron  tubes.  The  bismuth  contained  lead,  and  was  freed 
from  this  metal  by  cupel lation.  The  slag  contained  uranium,  and 
was  treated  for  the  production  of  compounds  of  this  metal.  Since 
the  year  1868,  the  ores  from  Joachimstahl  have  been  treated  at  the 
smelting  works  in  Saxony. 


b.  The  Extraction  of  Bismuth  from  Bismuth  Glance 

Bismuth  glance  is  generally  found  intermixed  with  native  bis- 
muth. It  but  rarely  occurs  in  such  quantities  as  to  form  the 
material  of  a  separate  process  for  the  extraction  of  bismuth.  This 
is,  however,  the  case  with  bismuth  ine  occurring  in  Bolivia.  When 
it  occurs  intermixed  with  native  bismuth,  the  ores  in  question 
are  smelted,  either  raw  or  after  previous  calcination,  with  a  certain 
quantity  of  iron,  as  has  been  explained  under  the  extraction  of 
bismuth  from  the  ores  of  Schneeberg  and  Joachimstahl  which  contain 
native  bismuth.  Ores  containing  bismuthine  alone  can  either  be 
treated  by  calcination  and  fusion  with  carbon,  or  in  the  raw  state  by 
fusion  with  iron.  In  the  one  case  the  chemical  processes  are  the  same 
as  in  the  extraction  of  lead  from  galena  by  the  process  of  calcination 
and  reduction ;  in  the  other  case  the  same  as  in  the  extraction  of  lead 
by  the  precipitation  process.  It  must  be  noted  that  when  bismuthic 
sulphide  is  calcined,  a  certain  quantity  of  sulphate  is  always  formed 
and  this  salt  is  only  imperfectly  decomposed  when  the  temperature  is 
raised,  so  that  there  is  always  a  certain  quantity  of  it  present  in  the 
charge.  It  is  reduced  in  the  fusion  to  bismuthic  sulphide,  which 
passes  into  the  matte,  or  into  the  slag  if  only  very  small  quantities 
of  matte  are  produced.  When  ores  contain  considerable  quantities 
of  gangue,  the  bismuthine  may  be  separated  from  it  by  a  simple 
fusion  without  the  addition  of  iron.  Crucible  or  reverberatory 
furnaces  are  used  in  this  process,  the  fusion  taking  place  in  the 
crucibles  in.  the  former  case.     These  are  best  made  10  to  12  inches 
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high  and  16  inches  in  diameter  at  the  upper  end,^  the  material  con- 
sisting of  clay  containing  60  to  70  per  cent,  of  silica  and  20  t^  26 
per  cent,  of  alumina,  which  is  mixed  with  not  more  than  20  per 
cent,  of  graphite  or  wood  charcoal.  Borchers  has  described  a  battery  of 
6  furnaces  fired  by  gas  in  the  work  quoted  above  (p.  58)  and  also  a 
reverberatory  furnace  with  movable  hearth  and  grate  firing  (p.  63). 
As  the  hearth  is  quickly  corroded  by  the  alkaline  charges,  it  is  well 
to  separate  it  from  the  fire-bridge  and  stack  by  air-  and  water- 
chambers.  The  fire-bridge  must  be  hollow  and  cooled  by  air  or 
water..  The  bismuth  and  slags  are  removed  from  the  hearth  bv 
separate  tap-holes.  In  Borchers'  furnace,  the  arch  and  the  side  walls 
rest  on  iron  girders  so  that  they  are  independent  of  the  hearth.  A 
movable  hearth  is  recommended  to  accelerate  repairs,  &a,  as  the 
alkaline  character  of  the  charges  shortens  the  furnace  campaigns 
considerably.  Borchers'  movable  hearth,  which  can  be  withdrawn 
from  the  furnace  on  an  inclined  track,  consists  of  fire-brick  resting 
on  stout  iron  bars.  It  is  advisable  to  melt  down  some  slag  upon 
the  hearth  before  introducing  the  charge  proper,  so  as  to  lessen  the 
loss  of  bismuth  by  volatilisation.  Valenciennes  *  has  made  experi- 
ments upon  the  extraction  of  bismuth  from  bismuthine  from  Bolivia, 
which  is  at  present  being  treated  by  some  secret  process  in  England 
The  ores,  which  occur  in  Bolivia  in  considerable  quantities,  consist  of 
a  mixture  of  sulphides  of  bismuth,  copper,  iron,  antimony  and  lead, 
with  small  quantities  of  sulphide  of  silver.  The  amount  of  bismuth 
in  them  varies  from  15  to  30  per  cent.  The  best  process  for  their 
treatment  has  been  found  to  be  calcination  and  reduction.  The 
crushed  ores  were  calcined  for  24  hours  in  a  reverberatory  fiimact 
with  frequent  rabbling  and  intermixture  from  time  to  time  with 
crushed  coal,  and  were  then  smelted  in  a  reverberatory  smelting 
furnace,  the  calcined  ore  being  mixed  with  3  per  cent,  of  coal 
lime,  soda,  and  fluorspar.  In  order  to  assist  the  reduction,  a  re- 
ducing flame  was  kept  up  for  the  first  two  hours,  the  temperatuiv 
being  a  red  heat,  which  was  subsequently  raised  to  whiteness.  The 
operation  was  finished  as  soon  as  the  contents  of  the  furnace  wen? 
completely  fluid.  Together  with  metallic  bismuth,  a  copper  mattt 
containing  bismuth  and  slag  were  obtained.  The  molten  content? 
were  tapped  off  at  the  lowest  point  of  the  hearth,  and  run  into 
conical  iron  moulds  placed  in  front  of  the  furnace,  in  which  thev 
separated  according  to  their  specific  gravity,  the  bottommost  lav'-r 
consisting  of  metallic  bismuth,  the  next  of  bismuthic  copper  matT< 

^  Borchers,  The  Min.  Ind.,  1900,  p.  58. 

'  Note  relative  h  la  Metallurgie  du  Bismuth,  Bull.  Soc.  Chim.,  1874. 
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and  the  topmost  one  of  slag,  consisting  chiefly  of  ferrous  silicate. 
The  metallic  bismuth  still  contained  lead,  antimony,  and  copper,  and 
had  to  be  purified  before  it  could  be  used  for  pharmaceutical  pur- 
poses. The  copper  matte  obtained,  contained  5  to  8  per  cent,  of 
bismuth.  It  was  crushed,  calcined,  and  then  smelted  in  the  same 
way  as  the  calcined  ore,  the  products  being  metallic  bismuth  and  a 
copper  matte  which  still  retained  2  to  3  per  cent,  of  bismuth.  Pure 
bismuth  could  not  be  obtained  from  the  latter  in  the  dry  way,  an  alloy 
of  copper  and  bismuth  being  always  produced,  so  that  the  bismuth 
had  to  be  extracted  from  this  matte  by  wet  methods.  Precipitation 
methods  are  especially  applicable  to  ores  which  contain  sulphides  of 
arsenic  and  antimony;  these  latter  metals  are  thrown  out  of  com- 
bination by  iron  and  form  a  speiss,  so  that  the  products  of  reaction 
are  bismuth,  matte,  and  speiss.  Valenciennes  employed  precipitation 
processes  in  reverberatory  furnaces  experimentally  upon  these  ores, 
which  he  had  freed  from  their  gangue  by  a  previous  fusion.  The 
ores  thus  prepared,  which  consisted  only  of  sulphides  of  bismuth, 
iron,  and  copper,  were  crushed,  mixed  with  12  per  cent,  of  iron 
turnings,  30  per  cent,  of  slag,  and  a  certain  quantity  of  soda,  and 
then  fused  in  reverberatory  furnaces.  After  heating  for  4  hours  up 
to  whiteness,  the  mass  was  completely  fluid,  and  was  tapped  out  into 
conical  cast-iron  moulds,  the  products  being  metallic  bismuth,  a 
matte  consisting  of  the  sulphides  of  copper  and  iron,  and  slags.  The 
bismuth  contained  less  copper  than  that  obtained  by  the  process  of 
calcination  and  reduction,  but  contained  antimony.  The  process 
worked  well,  and  was  much  more  rapid  than  the  previous  one,  but 
had  the  very  great  objection  that  the  sulphide  of  iron  rapidly 
destroyed  the  hearth  of  the  reverberatory  furnace,  in  consequence 
of  which  it  was  given  up. 

c.  The  Extraction  of  Bismidh  from  Ores  which  contain  it  in  the 

Form  of  Oxide 

Oxidised  bismuth  ores  only  occur  exceptionally  in  sufficient 
quantities  to  be  treated  by  themselves  for  bismuth.  As  a  rule, 
they  are  mixed  with  native  bismuth  and  are  treated  together 
vith  it.  They  can  be  treated  by  being  fused  in  crucibles 
)r  reverberatory  furnaces  mixed  with  charcoal.  Shaft  furnaces 
'^nnot  be  recommended  on  account  of  the  excessive  loss  of  bis- 
nuth,  due  to  slagging  and  volatilisation.  Considerable  quantities 
»f  hydrated  carbonate  of  bismuth  have  been  found  at  Meymac,  in 
France.     These  have,  however,  been  treated  by  means  of  the  wet 
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method.  If  the  ores  containiDg  native  bismuth  contain  at  the  same 
time  oxides  of  bismuth,  a  corresponding  quantity  of  carbonaceous 
matter  is  added  during  the  fusion  so  as  to  reduce  the  oxide  of 
bismuth,  the  carbon  dioxide  and  water  being  driven  off  fix)m  the 
above-named  compounds  by  the  action  of  heat. 

ii.  Extraction  of  Bismuth  in  the  Dry  Way  from 
Metallurgical  Products 

Bismuth  is  at  present  generally  obtained  from  metallurgical 
products  by  means  of  wet  methods.  We  must  distinguish  in 
extraction  by  the  dry  way : —  • 

(a)  The  extraction  from  mattes. 
(h)  The  extraction  from  alloys. 

a.  ITie  Extraction  of  BisrmUh  from  Mattes 

Bismuth  is  extracted  from  mattes  by  methods  based  on  the 
principle  of  calcination  and  reduction.  The  matte  is  crushed,  cal- 
cined in  reverberatory  furnaces  until  the  bismuthic  sulphide  is 
converted  into  oxide  and  sulphate,  and  then  smelted  with  the  ad- 
dition of  carbon  and  suitable  fluxes  in  reverberatory  or  cruciblf 
furnaces.  Metallic  bismuth  is  obtained,  and,  when  copper  is  present 
in  the  matte,  a  copper  matte  containing  bismuth,  together  with 
ferriferous  slag.  As  it  is  not  possible  to  completely  decompose  the 
sulphate  of  bismuth  produced  during  calcination  by  any  increase  of 
temperature,  a  certain  quantity  of  sulphide  is  always  reproduced 
during  the  reduction,  which  passes  into  the  matte.  If  onl}'  small 
quantities  of  matte  are  formed,  this,  together  with  any  sulphide  of 
bismuth,  passes  into  the  slag.  A  simple  precipitation  process  i> 
not  to  be  recommended  for  matte,  especially  when  the  latter  only 
contains  small  quantities  of  bismuth.  The  method  of  treating  thf 
matte  produced  in  smelting  Bolivian  ores  has  already  been  explain^! 
The  details  of  the  process  are  kept  secret. 

b.  Tlie  Extraction  of  Bismuth  front  Alloys 

Alloys  from  which  bismuth  can  be  obtained  in  the  dry  way,  awl 
from  which  it  used  formerly  to  be  so  obtained,  are  its  alloys  with  lead, 
and  with  lead  and  the  precious  metals.  When  a  lead-bismuth  alloy 
is  submitted  to  an  oxidising  fusion,  the  lead  is  first  oxidised,  the  bi-^- 
muth  only  commencing  to  oxidise  when  the  greater  proportion  of  tht 
lead  has  been  removed.    The  cupellatioQ  of  a  lead  and  bisnouth  all'»y 
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can  therefore  be  so  conducted  that  the  first  product  is  litharge,  the  next 
litharge  containing  bismuth,  and  the  last,  if  the  oxidation  is  stopped 
at  the  right  moment,  metallic  bismuth.  Such  a  cupellation  process 
was  formerly  employed  at  Joachimsthal  for  the  extraction  of  bismuth. 
The  lead  bismuth  alloy  was  cupelled  in  quantities  of  4  to  5  cwts., 
the  first  product  being  litharge  free  from  bismuth,  which  was  sent 
to  the  lead  works,  then  a  brown  litharge  containing  bismuth,  and 
finally  a  black  oxide  of  bismuth  free  from  lead,  on  the  appearance  of 
which  the  metallic  bismuth,  then  free  from  lead,  was  tapped  into 
cast-iron  pans.  The  litharge  containing  bismuth  was  smelted  in 
crucibles  together  with  the  cupel  bottoms  with  a  flux  consisting  of 
quartz,  fluorspar,  and  iron  turnings,  the  product  being  an  alloy  of 
lead  and  bismuth,  which  was  again  submitted  to  cupellation.  The 
oxide  of  bismuth  free  from  lead  was  smelted  under  a  cover  of  salt 
with  a  mixture  of  quartz,  lime,  and  iron  turnings.  From  work-lead 
containing  bismuth,  litharge,  rich  in  bismuth,  is  obtained  in  the 
processes  of  cupellation  in  the  last  st^ige  of  litharge  production. 
When  this  litharge  is  submitted  to  a  reducing  fusion,  an  alloy  of 
lead  and  bismuth  containing  some  silver  is  obtained.  By  cupelling 
the  latter,  litharge  still  richer  in  bismuth  is  obtained,  together  with 
litharge  free  from  bismuth,  and  blicksilver.  The  former  can  again 
be  reduced  and  the  alloy  of  bismuth,  silver,  and  lead  thus  obtained, 
can  again  be  cupelled.  On  reducing  this  litharge  containing  bismuth, 
bismuth  containing  both  lead  and  silver  is  obtained.  At  present, 
after  the  argentiferous  litharge  has  been  sufficiently  enriched  in 
bismuth,  it  is  treated  in  the  wet  way. 

Extraction  of  Bismuth  by  the  Wet  Way 

Bismuth  can  be  obtained  by  means  of  wet  methods  from  ores 
which  contain  the  metal  as  carbonate  or  oxide,  and  especially  from 
metallurgical  products  in  which  the  bismuth  is  in  the  form  of  an 
oxide  or  an  alloy.  When  bismuth  is  present  as  oxide  it  is  generally 
dissolved  by  hydrochloric  acid,  more  rarely  by  nitric  acid,  which  is 
far  dearer ;  when  it  is  present  as  metal  or  alloy,  by  means  of  aqua 
regia  or  of  hot  concentrated  sulphuric  acid.  Chloride  of  iron  has  also 
been  suggested  as  a  solvent.^ 

Bismuth  is  precipitated  from  the  solutions  either  directly  or  as  a 

basic  salt.     It  is  generally  thrown  down  as  metal  by  means  of  iron  ; 

it  can   be    precipitated   also   by   lead,  zinc,  tin,  manganese,  nickel 

cadmium,  and  copper.     As  a  basic  salt  it  can  be  thrown  down  by 

^  The  Mill.  Ind.,  viii.,  p.  57. 
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diluting  solutions  of  its  chloride  with  water,  when  an  oxychloride  is 
precipitated.  From  the  oxychloride,  bismuth  can  be  reduced  either 
by  fusion  with  lime  and  charcoal,  or  by  treating  the  moist  salt  with 
iron  or  zinc.  The  addition  of  lime  is  necessary  when  the  oxychloride 
is  treated  in  the  dry  way,  in  order  to  combine  with  the  chlorine.  The 
lime  may  be  used  either  slaked  or  as  caustic  lime.  Metallic  bismuth 
thrown  down  in  the  wet  way  is  melted  in  graphite  or  iron  crucibles 
with  the  addition,  in  case  of  need,  of  alkaliqe  fluxes. 

Extraction  of  Bismuth  in  the  Wet  Way  from  Ores 

The  wet  way  has  been  employed  for  oxidised  bismuth  ores  at 
Meymac  and  for  calcined  tin  ores  rich  in  bismuth  at  Altenberg  in 
Saxony.  The  ore  treated  at  Meymac^  is  a  hydrated  carbonate  of 
bismuth  in  a  quartzose  gangue  containing  small  quantities  of  arsenic, 
antimony,  lead,  iron  and  lime.  The  crushed  ore  is  treated  three  timc^ 
over  in  earthenware  vessels  with  hydrochloric  acid  at  a  gentle  heat 
and  under  constant  stirring.  The  nearly  exhausted  ore  is  treated 
with  fresh  hydrochloric  acid,  whilst  the  almost  saturated  acid  is 
allowed  to  act  upon  fresh  ore,  saturated  solutions  being  thu^ 
obtained,  whilst  the  bulk  of  the  bismuth  is  removed  from  the  ore. 
The  bismuth  is  thrown  down  from  the  solution  in  the  form  of  black 
powder  by  means  of  bars  of  iron.  Immediately  after  its  precipi- 
tation, it  is  separated  from  the  solution,  washed  with  water,  pressed 
in  canvas  bags,  and  finally  melted  in  graphite  crucibles  under  a  layer 
of  charcoal,  and  cast  in  iron  moulds.  At  Altenberg,  in  Saxony,^  tin 
ores  containing  bismuth  and  bismuth  glance  are  roasted  in  reverber- 
atories  to  remove  arsenic  and  sulphur,  and  the  roasted  mass  is 
brought,  still  hot,  into  a  wooden  trough,  12  feet  long,  2  feet  high,  ami 
2  feet  wide,  and  covered  8  to  10  inches  high  with  dilute  hydrochloric 
acid.  After  6  hours  treatment,  the  liquid  is  run  into  another  wooden 
trough,  where  the  oxychloride  is  precipitated  by  the  addition  of  watiT. 
The  precipitate  contains  only  traces  of  lead,  but  is  coloured  yellow 
by  iron.  To  remove  this  it  is  dissolved  again  in  hydrochloric  acidard 
precipitated  with  water,  and  this  process  is  repeated.  The  precipi- 
tate thus  obtained  is  carefully  washed  with  water,  dried,  and  melt*«<l 
down  in  a  graphite  crucible  with  lime,  charcoal  and  slag  from  a  pn- 
vious  operation  ;  metallic  bismuth  is  thus  obtained. 

Eulert  ^  proposes  to  treat  the  finely  powdered  ore  with  salt  solu- 
tion and  nitric  and  sulphuric  acids,  and  then  to  precipitate  the  oxy- 
chloride from  the  solution  by  dilution. 

'  Carnot,  **  Decouverte  d'lin  Gisement  de  Bismuth  en  France,"  BnlL  Sof.  Chrm  . 
1874.  3  xhe  Min.  Iml ,  1896,  p.  55.  »  Ger.  Pat..  130963 
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Hxlraction  of  BismtUh  in  the  Wet  Way  from  Furnace  Products 

The  chief  metallurgical  products  from  which  bismuth  is  extracted 
n    the  wet  way  are  impure  oxides  of  bismuth,  litharge  containing 
>ismuth,  and  cupellation  residues  containing  bismuth,  such  as  are 
>l>tained  during   the   cupellation   of  alloys   of  lead,   bismuth   and 
;ilver.     Attempts   have   also   been   made   to   treat  alloys   of   lead, 
bismuth  and   silver  directly   in    the   wet   way.     When   work-lead 
containing  bismuth  is  cupelled,  litharge  free  from  bismuth  is  first 
>l>tained.     When  the  cupellation  is  continued,  the  bismuth  is  also 
>xidised  and   passes   into   the   litharge,   the   last   portions   of  the 
itharge   being  richest   in   bismuth,  whilst  a  small  portion  of  the 
latter  metal  remains  in  the  silver.     By  smelting  the  last  litharge, 
w^hich   contains   both   bismuth   and   silver,  in   shaft   furnaces  with 
[charcoal,   bismuth    can   be    concentrated    in    the   work-lead    thus 
obtained,  and  by  cupelling  the  latter,  litharge  still  richer  in  bismuth 
Is   produced.     The  concentration  of  bismuth   in  litharge   may  be 
brought  about  simply  in  cupelling   lead  which  is  not  too  poor  in 
silver,  by  not  continuing  the  cupellation  until  the  silver  brightens 
but  interrupting  the  process  when  the  silver  contents  of  the  work- 
lead  have  been  enriched  to  about  80  per  cent.^     In  this  case  the 
bismuth  is  concentrated  in  the  alloy  produced,  and  when  the  latter  is 
finally  cupelled  upon  a  smaller  hearth,  it  passes  into  the  litharge  and 
a  portion  of  it  into  the  test.     Both  litharge  and  test  are  so  rich  in 
bismuth   that   they  can  be  treated   directly  by  wet  methods.     At 
Freiberg,  in  Saxony,  argentiferous  lead  containing  minute  quantities 
of  bismuth  is  split  up  by  the  Pattinson   process  into  lead  rich  in 
silver  (containing  2  per  cent.)  and  carrying  bismuth,  and  into  lead 
poor  in  silver  (containing  01  per  cent.)  and  free  from  bismuth,  the 
latter  of  which  is  then  desilverised  by  means  of  zinc.     The   lead 
containing  bismuth  is  concentrated  in  German  cupellation  furnaces 
in  quantities  of  10  to  11  tons  at  a  time  until  the  silver  contents  reach 
80  per  cent.,  and  then  refined  in  silver  refining  furnaces  in  quantities 
of   0*9  to  1*2  tons  for  the  production  of  fine  silver,  the  lead  and 
bismuth  being  thereby  oxidised.     The  oxides  are  partly  absorbed  by 
the  hearth,  which  is  made  of  marl,  and  partly  flow  off  as  litharge  con- 
taining bismuth.     The  litharge  and  the  hearth  generally  contain  from 
5  to  20  per  cent,  of  bismuth,  and  are  crushed  fine  and  then  treated 
with   hydrochloric  acid  in  stoneware   pots  30  inches   high  and  36 
inches  in  diameter,  the  charge  for  a  pot  amounting  to  1  cwt.   To  this 
ai'e  added  140  to  155  lbs.  of  hydrochloric  acid  and  22  lbs.  of  water 

»  Vol.  i.,  p.  644. 
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the  action  of  the  acid  being  promoted  by  gently  heating  and  con- 
tinual stirring.  In  6  hours  the  bismuthic  oxide,  together  with  a 
small  portion  of  lead  oxide,  has  been  dissolved,  the  residues  consisting 
of  chloride  of  lead  and  metallic  silver.  Water  is  added  until  the 
liquid  becomes  turbid  owing  to  the  separation  of  bismuthic  ox)- 
chloride.  The  solution  is  then  allowed  to  stand  for  7  hours  in  order 
to  clear,  and  is  drawn  off  by  means  of  leaden  syphons  into  wooden 
vats  6  feet  high  and  5  feet  in  diameter,  in  which  it  is  diluted  with  a 
sufficient  quantity  of  water  to  throw  down  the  bulk  of  the  bismuth  as 
basic  chloride.  As  soon  as  the  precipitate  has  settled,  the  solu- 
tion is  run  off  first  into  settling  tanks,  and  then  into  a  sump  in  which 
the  copper  which  it  contains  is  thrown  down  by  means  of  iron.  The 
precipitate  of  bismuth  oxychloride  is  then  washed  with  water  in  a 
wooden  vat  provided  with  a  linen  filter  in  order  to  remove  a  portion 
of  the  chloride  of  lead.  It  is  then  dissolved  in  hydrochloric  acid  in 
order  to  remove  a  further  portion  of  the  chloride  of  lead.  On  dilution 
of  the  solution  with  water  the  bismuth  is  again  thrown  down  as  oxy- 
chloride, the  latter  being  again  treated  with  hydrochloric  acid  in  order 
to  remove  any  portion  of  chloride  of  lead  that  might  be  left,  and  from 
the  solution  thus  obtained  the  oxychloride  of  bismuth  is  again 
thrown  down  with  water.  The  salt  is  then  filtered  off,  washed  and 
dried,  and  smelted  with  lime  and  charcoal  or  with  soda,  glass  and  char- 
coal in  a  cast-iron  crucible  heated  in  an  air  furnace,  coke  being  the  fuel 
used.  The  products  are  metallic  bismuth  and  slag.  The  cast-iron 
crucible  is  provided  with  a  foot  and  is  20  inches  high  in  the  clear,  its 
greatest  diameter  being  12  inches.  The  charge  consists  of  28  to  44 
lbs.  of  bismuth  salt,  16  per  cent,  of  caustic  lime,  and  6  per  cent  of 
finely  ground  charcoal.  As  soon  as  the  contents  are  in  a  state  of 
tranquil  fusion  the  slag  is  ladled  off  and  the  bismuth  poured  into 
moulds.  It  is  purified  by  re-melting.  It  then  contains  0*3  to  04 
per  cent,  of  lead  and  0025  of  silver.  The  residues  which  remain 
when  the  litharge  and  the  various  precipitates  of  bismuthic 
oxychloride  are  treated  with  hydrochloric  acid,  are  washed  with 
water  containing  hydrochloric  acid,  dried,  and  added  to  charges  con- 
taining lead  and  silver,  which  are  being  smelted  for  work-lead.^  At 
the  St.  Andreasberg  Works  in  the  Upper  Harz,  litharge  containing 
bismuth  is  produced  which  is  sold  to  Freiberg  for  treatment  in  the 
wet  way.  At  Frankfort-on-the-Maine,  in  the  works  of  the  German 
Gold  and  Silver  Refinery,  bismuth  is  prepared  in  the  wet  way  from 
skimmings  containing  bismuth,  which  are  obtained  in  silver  refining. 
Processes  for  extracting  bismuth  from  alloys  in  the  wet  way  havt- 
*  PreuHS.  ZeitHchr.y  vol.  xviii.,  p.  193;  Berg,  tind  HiUtenm,  Ztg.,  1876,  p.  79, 


BISMUTH  463 

been  proposed  by  Mrazek  and  De  Luyne,  as  to  the  practical  execution 
of  which  nothing  is  known.  Mrazek^  proposed  sulphuric  acid  as  the 
solvent  for  bismuth  contained  in  argentiferous  lead  and  bismuth 
alloys.  These  alloys,  which  are  obtained  by  repeated  reduction  and 
cupellation  from  litharge  containing  bismuth,  and  which  contain  50 
to  60  per  cent,  of  bismuth,  are  to  be  treated  in  the  granulated  state 
with  hot  concentrated  sulphuric  acid.  Bismuth  and  silver  are 
thereby  dissolved,  whilst  the  lead  remains  as  sulphate  in  the  residues ; 
the  silver  is  to  be  thrown  down  from  the  solution  by  means  of 
sodium  chloride,  and  the  bismuth  by  means  of  iron.  If  alloys  of  lead 
and  bismuth  alone  are  to  be  operated  on,  the  bismuth  can  be  thrown 
down  directly  by  means  of  iron  after  the  treatment  with  concentrated 
sulphuric  acid.  The  spongy  bismuth  obtained  by  this  means  is  to  be 
pressed,  dried,  and  then  melted.  The  proposed  process  of  De  Luyne  ^ 
refers  to  the  extraction  of  bismuth  from  alloys  containing  tin,  lead, 
and  bismuth.  These  are  first  to  be  treated  with  cold  hydrochloric 
acid,  so  as  to  remove  the  greater  portion  of  the  tin.  The  bismuth  is 
then  to  be  brought  into  solution  by  treating  the  residues  with  aqua 
regia,  and  from  this  solution  the  bismuth  is  to  be  thrown  down  as 
oxychloride  by  dilution  with  water.  This  salt  is  either  to  be 
smelted  in  crucibles  for  metallic  bismuth,  in  admixture  with  chalk 
and  charcoal,  or  it  is  to  be  dissolved  in  hydrochloric  acid  and  the 
metal  thrown  down  by  treating  the  solution  with  zinc  and  the 
pi*ecipitate  pressed,  dried,  and  melted.  Another  proposed  process  of 
De  Luyne  suggests  the  employment  of  nitric  acid  as  a  solvent,  which 
dissolves  bismuth  and  lead,  whilst  the  tin  is  converted  into  an 
insoluble  oxide ;  from  this  solution  the  bismuth  is  first  to  be  thrown 
down  as  metal  by  means  of  lead,  and  then  the  lead  precipitated  as 
carbonate  by  means  of  sodium  carbonate. 

Extraction  of  Bismuth  from  Lead-Bismuth  Alloys  by  the 
Electrolytic  Method 

Borchers  has  proposed  the  extraction  of  bismuth  from  lead  con- 
taining it,  by  means  of  the  electric  current,  and  has  devised  apparatus 
for  this  process.  He  fuses  alloys  containing  lead  and  bismuth,  or 
lead,  bismuth,  and  silver,  under  molten  alkaline  chlorides,  through 
which  he  passes  an  electric  current.  The  lead  is  dissolved  as  chloride 
and  is  deposited  as  metal  at  the  cathode,  or  at  the  bottom  of  the 
cathode  compartment,  whilst  with  a  suitable  current  density,  bismuth 

*  Oesterr,  ZtUschr.,  1874,  Nos.  34  and  35. 
*-*  Dingier y  voL  clxvii,  p.  289. 


464  METALLURGY 

and  silver  remain  undissolved,  and  collect  at  the  bottom  of  the  anode 
compartment.  The  construction  of  the  apparatus  ^  is  shown  in  Figs. 
383  to  385,  the  first  showing  the  plant  and  the  empty  apparatus  with 
the  cover  removed,  Fig.  384  being  a  vertical  cross-section,  whilst  Fig. 
385  shows  the  left-hand  half  in  vertical  longitudinal  section,  and  the 
right-hand  half  of  the  apparatus  in  elevation.  The  fusion  is  per- 
formed in  a  vessel  of  cast-iron,  which  consists  of  two  horizontal 
semi-cylinders  a  and  k,  and  a  hollow  iron  fmme  v  in  the  shape  of  a 
semicircle.  The  semi-cylinder  a  forms  the  anode  compartment ;  its 
left-hand  end  is  steeply  inclined.  The  sides  of  the  anode  compart- 
ment are  provided  with  a  series  of  step-like  projections.  The  semi- 
cylinder  k  forms  the  cathode  compartment,  the  right-hand  side  of 
which  is  also  inclined.  The  hollow  iron  frame  or  ring  v  separat«» 
the  anode  from  the  cathode  compartments.  Water  circulate  in  it 
during  the  electrolysis,  and  cools  its  walls  to  such  an  extent  that 
they  are  coated  externally  with  a  layer  of  solidified  alkaline  chlorides, 
which  serves  to  insulate  it.  The  anode  and  cathode  compartments 
are  thus  insulated  from  each  other  by  means  of  this  ring.  Tht- 
water  enters  the  ring  through  the  tube  e  and  escapes  at  x.  Should 
anything  happen  to  prevent  the  circulation,  an  overflow  is  provided 
at  8  until  it  can  be  put  right.  The  outer  circumference  of  this  iron  ring 
is  provided  with  hollow  projections  which  give  it  the  form  of  an  inverted 
T  in  cross-section.  The  hollow  space  between  these  two  semi-circular 
projections  is  filled  with  an  insulating  material  consisting  of  clav. 
free  from  carbonaceous  matter,  sand,  and  marl.  These  projections 
also  serve  to  carry  the  flanges  /,  /  of  the  two  semi-cylinders  and 
thus  to  unite  the  various  portions  of  the  apparatua  The  tubes  p 
and  r  serve  to  regulate  the  level  of  the  molten  mass,  and  to  remove 
the  metals  after  their  separation  from  each  other.  By  means  of  the 
pipe  r,  which  opens  into  the  bottom  portion  of  the  anode  compart- 
ment, the  bismuth  is  to  be  removed,  whilst  the  lead  is  to  flow  off 
through  the  tube  p,  which  opens  into  the  lowest  portion  "t 
the  cathode  compartment.  The  flame,  which  must  be  free  bom 
soot,  traverses  the  flues  h  which  surround  this  vessel  and  thus 
heats  it. 

The  process  is  as  follows: — As  soon  as  the  water  is  flowing  through 
the  cooling  ring  v,  firing  is  commenced,  and  sufficient  lead  is  poun?din 
through  the  pipes  p  and  r  to  partly  fill  the  anode  and  cathode  compart- 
ments. A  mixture  of  alkaline  chlorides  in  the  ratio  of  their  molecuUr 
weights  KCl-hNaCl  is  then  charged.  As  this  mixture  melts  but  slowly 
it  must  only  be  introduced  in  small  quantities  at  a  time.  It  is  better 

^  Jahrb,  der  Electrorhem. ,  18»6,  p.  168. 
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however,  to  fuse  the  mixture  in  a  separate  pot  and  to  allow  the 
molten  mass  to  run  all  at  once  into  the  decomposing  pot.     In  order 


Fio.  385. 


0  prevent  the  iron  of  this  vessel,  especially  at  the  anodes,  from  being 
ttacked  by  the  fused  mass,  it  is  necessary  to  make  it  basic  by 
lissolving  in  it  litharge,  or  better  still  lead  oxy chloride.     These  lead 
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compounds  must,  however,  only  be  added  after  the  pot  has  been 
filled  with  the  fused  mass,  because,  otherwise,  lead  would  be  deposited 
upon  the  metallic  portion  of  the  pan,  penetrate  through  the  insulation, 
and  thus  cause  short  circuiting.  After  the  pot  has  been  filled  with  tk 
molten  mass,  and  the  external  portions  of  the  cooling  ring  and  tht* 
iron  in  its  immediate  neighbourhood  have  become  covered  with  a 
crust  of  non-conducting  and  irreducible  salts,  then  the  lead  compounds 
have  a  most  beneficial  effect  upon  the  electrolysis,  and  it  is  preferable 
to  replace  the  potassium  chloride  that  is  volatilised  by  lead  oxy- 
choride.     As  soon  as  the  first  charge  of  lead  compounds  has  been 
added,  the  alloy  of  lead  and  bismuth  is  introduced  into  the  anode 
compartment  by  means  of  a  funnel,  and  a  current  passed  through  the 
molten  mass.      The   molten  alloy  runs   down   over   the   step-like 
projections  of  the  side  of  the  anode  compartment,  and  the  lead  in  it  i> 
dissolved  and  re-deposited  in  the  cathode  compartment,  on  the  bottom 
of  which  it  collects.     On  the  other  hand,  bismuth  and  silver  remain 
undissolved  as  long  as  the  current  tension  does  not  exceed  100  ampenn* 
per  square  foot,  and  collect  at  the  bottom  of  the  anode  compartment 
The  lead  thus  obtained  is  very  pure  and  is  tapped  oflF  from  time  to 
time  through  the  pipe  p.     The  crude  bismuth  contains  90  to  95  per 
cent,  of  bismuth  and  is  tapped  off  from  the  pipe  r.     The  upper 
apertures  of  the  pipes  p  and  r  must  be  so  arranged  that  the  molteu 
salts  reach  up  to  the  line  o,  the  molten  lead  up  to  the  line  ».    The 
bismuth   produced  contains   lead,   which   can  however   be    readih 
removed  by  means  of  an  oxydising  fusion.   In  order  to  obtain  a  gwl 
separation,  it  is  necessary  that  the  molten  alloy  should  continuallj 
present  fresh  surfaces,  so  that  it  is  necessary  for  it  to  traverse  the 
anode  compartment  pretty  quickly.  Complete  decomposition  is  then- 
fore  only  effected  after  it  has  passed  through  the  apparatus  several 
times.      Several   of  these   apparatus   must  therefore  be  emploved. 
placed  stepwise,  one  below  the  other,  or  else  the  alloy  must  be  caused 
to  pass  several  times  through  the  same  apparatus.     With  a  cum-n^ 
density  of  100  amperes  per  square  foot  the  tension  required  is  said 
to  amount  to  0*5  volt.     Accordingly  about   10  lbs.  of  lead  can  bei 
separated  from  the  alloy  per  horse-power  per  hour.    This  process  ha.* 
not  yet  come  into  use.     Borchers  states  ^  that  the  results  are  lt«>i 
satisfactory  than  those  obtained  by  removing  the  lead  from  le^  | 
bearing  bismuth  by  smelting  it  with  bismuth  oxychloride. 

Electrolytic  refining  of  commercial  bismuth  has  been  propoc**! 
by  Zahorski,^  the  anodes  consisting  of  the  impure  bismuth  cast  intif 
plates,  the  cathodes  of  carbon,  pure  bismuth  or  platinum,  and  tb* 
1  EUctro-meUdlargk,  1903,  p.  481.  «  The  Min.  Ind,,  1893,  p.  7^. 
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electrolyte  of  dilute  nitric  acid.  The  current  density  is  15  to  30 
amperes  per  square  foot  (not  exceeding  30).  Pure  bismuth  separates 
at  the  cathodes  and  this  is  collected,  washed  with  dilute  nitric  acid 
dried,  and  melted  down.  If  the  electrolyte  becomes  too  rich  in  lead 
(this  metal  is  always  present  in  commercial  bismuth),  it  should  be 
removed  firom  the  bath,  the  bismuth  precipitated  from  solution  by 
lead,  and  the  liquors  worked  for  lead  nitrate.  Nothing  is  known  as 
to  the  application  of  this  process. 

According  to  Borchers  {op,  cit.)  there  is  no  diflSculty  in  separating 
precious  metals  from  bismuth  containing  them.  On  electrolysing  in 
weak  acid  solution  these  metals  remain  behind  on  the  anodes,  while 
the  bismuth  collects  in  a  non-coherent  state  at  the  cathodes.  Bismuth 
in  this  condition  is  easily  fused.  Working  on  a  small  scale,  the 
electrolysis  is  carried  out  in  stoneware  vessels. 

Refining  of  Bismuth 

BLsmuth  produced  in  the  dry  way  contains  lead,  arsenic,  sulphur 
Ton,  nickel,  cobalt,  antimony,  and  also  silver  and  gold.  The  following 
ire  analyses  of  two  samples  of  crude  bismuth : — ^ 

Peru.  AuBtralia. 

Bismuth 93372  94103 

Antimony    - 4*570  2*621 

Arsenic —  0*290 

Copper 2058  1-944 

Sulphur  .       —  0*430 

The  amount  of  gold  and  silver  contained  in  various  qualities  of 
bismuth  has  been  determined  by  Smith.^  He  found  0011  per  cent, 
•f  gold,  and  0*3319  per  cent,  of  silver  in  a  sample  of  Australian 
•Lsmuth  ;  00003  per  cent,  of  gold  and  00729  per  cent,  of  silver  in  a 
ample  of  German  bismuth  ;  and  00005  per  cent,  of  gold,  and  0075 
er  cent,  of  silver  in  a  sample  of  American  bismuth.  Impure  bismuth 
i  not  suitable  for  many  purposes  for  which  the  metal  is  employed, 
nd  must  therefore  be  purified  before  use.  When  it  is  to  be  used  for 
harmaceutical  purposes  it  must  be  especially  pure  and,  above  all 
liings,  free  from  arsenic  and  tellurium.  The  purificjition  of  bismuth 
m  be  performed  either  in  the  dry  or  in  the  wet  way.  The  dry 
iethod  produces  a  metal  less  pure  than  the  wet  way,  and  in  the  case 
r  bismuth,  which  contains  a  number  of  foreign  bodies,  is  a  very  lengthy 
rocess,  as  these  cannot  be  removed  by  one  single  opera tion,  but 
jquire  a  whole  series.     It  has  the  advantage  that  it  is  far  cheaper 

*   The  Min,  Ind.,  1893,  p.  72. 

«  Joum,  Soc.  Ckem.  Ind.,  April  29,  1893,  p.  318. 
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than  the  wet  method,  which  is  also  a  very  ix)undabout  one  and  onlv 
used  in  special  cases. 

Purificatimi  of  Bismuth  in  the  Dry  Way 

This  may  consist  either  in  a  liquation  process  or  in  re-melting 
bismuth  with  fluxes  of  various  kinds.  Liquation  of  bismuth  is 
employed  in  Saxony.  It  is  performed  upon  a  liquation  heanb 
consisting  of  cast-iron  segments  forming  a  groove  inclined  outwards: 
the  liquated  bismuth  is  cast,  just  before  setting,  into  iron  moul4. 
Any  sulphide  of  bismuth  that  may  be  present  then  separates  out 
upon  the  surface  of  the  blocks.  The  residues  that  are  left 
upon  the  liquating  hearth,  known  as  Krdtzen,  contain  the  greater 
portion  of  the  impurities  of  the  bismuth,  and  are  treated  for  tho 
extraction  of  the  metals  contained  in  them.  If  the  bismuth  is 
required  for  pharmaceutical  purposes  liquation  is  not  always  suflScieni. 
and  the  metal  may  require  further  purification  by  melting  or  by  the 
wet  method. 

The  purification  of  bismuth  by  re-melting  in  crucibles  with 
various  additions  is  much  more  perfect  than  the  purification  bv 
liquation,  but  even  this  is  not  sufficient  in  all  cases.  It  must  then  be 
repeated  until  the  bismuth  is  pure.  The  fluxes  that  are  added  depend 
upon  the  impurities  that  have  to  be  removed.  If  the  bisniuth 
contains  lead,  Borchers  recommends  fusion  of  it  in  cast-iron  pots  with 
bismuth  oxychloride,  salt,  potassium  chloride,  and  caustic  sinla. 
According  to  Quesneville  arsenic  can  be  removed  by  melting  bismuth 
with  nitre  and  common  salt.  This  process,  the  object  of  which  is  to 
form  alkaline  arsenites,  also  removes  iron  and  lead.  According  to 
Werther,  arsenic  may  be  removed  by  fusing  bismuth  with  one-eighth 
of  its  weight  of  soda  and  one  sixty-fourth  of  sulphur.  In  both 
methods  a  considerable  loss  of  bismuth  is  incurred  by  the  forraatii* 
of  bismuthic  oxide.  According  to  Thiirach,  arsenic,  and  more  par- 
ticularly the  whole  of  the  iron,  may  be  removed  by  fusing  bismuth 
with  chlorate  of  potash  to  which  from  2  to  5  per  cent,  of  soda  h*' 
been  added.  According  to  M6hu,  arsenic  may  be  removed  fn>n) 
bismuth  by  heating  the  latter  considerably  above  its  melting  pint 
with  excess  of  air  in  a  vessel  presenting  a  large  surface.  The  greater 
part  of  the  arsenic  is  thus  removed  as  arsenic  acid,  and  acj 
sulphur  that  may  be  present  is  converted  into  sulphur  dioxide.  Th^ 
residue  has  to  be  remelted  with  soda,  charcoal  and  tartar  or  soap^ 
producing  an  alkaline  mass  which,  when  further  heated  in  the  air.  i^ 
freed  from  the  last  portions  of  arsenic  and  sulphur,  which  combine 
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with  the  alkali.     In  this  process  any  copper  and  lead  will  remain  in 
the  bismuth.    Johnson,  Matthey  and  Co.  heat  bismuth^  containing  • 
arsenic  in  quantities  of  10  to  12  tons  to  a  temperature  of  395°  C.  for 
a  considerable  time  in  the  air,  whereby  the  whole  of  the  arsenic  is 
volatilised   without   loss  of  bismuth.     Tamm   removes   arsenic   by 
dipping  thin  strips  of  iron  into  the  bismuth  fused  beneath  a  layer  of 
borax  at  a  bright  red  heat.     The  arsenic  is  said  then  to  combine 
with  the  iron,  and  to  be  completely  removed  from  the  bismuth  as 
arsenide  of  iron.     A  small  portion  of  iron  is,  however,  retained  in  the 
bismuth.    Johnson,  Matthey  and  Co.^  remove  antimony  by  poling  the 
bismuth,  which  is  heated  up  to  the  oxidation  point  of  antimony,  by 
means  of  a  piece  of  wood,  the  scum  produced  being  removed  as  long 
as  any  forms  upon  the  surface  of  the  bath  of  metal.     For  example,  7 
cwts.  of  the  molten  metal  which  contained  96*2  per  cent,  of  bismuth 
0*8  per  cent,  of  antimony,  04  per  cent,  of  iron,  21  per  cent,  of  lead 
Oo  per  cent,  of  copper,  and   a  trace  of  arsenic,  were  heated  for 
4  hours  in  the  above  manner  to  a  temperature  of  458**  C,  at  the  end 
of  which   time  the  bismuth  was  free  from  antimony.     The  scum 
contained  30  per  cent,  of  antimony  as  oxide,  and  about  10  per  cent, 
of  bismuth.     Antimony  may,  moreover,  be  completely  removed  by 
melting    bismuth    with    bismuthic   oxide   in    clay   crucibles.     The 
quantity  of  oxide  should  be  from  2  J  to  3  times  that  of  the  antimony 
to  be  removed.     The  bismuthic  oxide  oxidises  the  antimony  to  oxide, 
being  itself  reduced  to  metal.     The  oxide  of  antimony  mixed  with 
a  small  portion  of  oxide  of  bismuth  rises  to  the  surface  of  the  bath 
of  metal  and  is  skimmed  off  it.     Borchers^  removes   arsenic  and 
antimony  (after  lead  has  been  removed  by  melting  with  caustic  soda, 
sodium  and  potassium  chlorides,  and  bismuth  oxy-chloride)  by  melt- 
ing the  metal  with  caustic  soda  and  nitre,  care  being  taken  to  avoid 
overheating ;  he  only  melts  with  soda  and  sulphur  when  a  consider- 
able proportion  of  antimony  is  present.     According  to  Tamm,  copper 
can  be  removed  by  melting  bismuth  with  potassium  sulpho-cyanate. 
For  this  purpose  8  parts  of  potassium  cyanide  are  mixed  with   3 
parts  of  flowers  of  sulphur  and  the  mixture  is  thrown  on  to  the 
molten  metal.     Potassium  sulpho-cyanate  is  formed  with  an  evolution 
of  heat,  so  that  the  compound  bums  in  part,  throwing  out  sparks, 
the  copper  separating  out  in  the  form  of  sulphide  :  any  bismuthic 
sulphide  that  may  be  formed  is  reduced  to  metal.     As  soon  as  the 
reaction  is  over  and  the  mass  is  in  a  state  of  tranquil  fusion,  the  slag 
is  allowed  to   solidify   and   the  still   fluid   bismuth   is  poured   off. 

*  Matthej,  Chemical  Neics,  1893,  pp.  63-67. 
>  Electro-metaUurgie,  1895,  p.  328 ;  1903,  p.  481. 
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Together  with  the  copper  a  portion  of  the  lead,  antimony,  and  arsenic 
are  removed.  Copper  is  also  said  to  be  removed  by  melting  ih^ 
bismuth  with  bismuthic  sulphide,  the  latter  being  reduced  to 
metal. ^ 

The  best  method  of  removing  the  copper  is  said  to  be  by  stirring 
sodium  sulphide  into  the  molten  bismuth,  whereby  the  copper  is  &b^ 
separated  in  the  form  of  sulphide.*  According  to  Borchers  *  lead  can 
be  removed  as  soon  as  the  quantity  exceeds  the  fraction  of  a  per 
cent,  by  heating  the  metal  with  bismuth  oxychloride,  in  quantity 
corresponding  to  that  of  the  lead  present,  in  cast-iron  kettles  under 
a  molten  layer  of  the  chlorides  of  sodium  and  potassium  for  a  period 
of  3  hours.  As  soon  as  a  sample  of  the  metal  sets,  showing  coarse 
foliation,  the  refining  is  finished.  After  the  solidification  of  the 
metal  the  slag  is  removed  by  dissolving  in  water.  Borchers  considei^ 
the  removal  of  lead  by  melting  the  metal  with  caustic  soda  and 
nitre,  as  has  often  been  recommended,  to  be  defective,  because 
plumbates  are  formed,  which  being  good  oxygen  carriers,  give  rise 
to  losses  of  bismuth.  If,  on  the  other  hand,  the  bismuth  is  free  from 
lead,  but  still  retains  arsenic  and  antimony,  these  bodies  are  to  be 
removed  by  melting  the  metal  with  caustic  soda  and  nitre.  Ac(X)rdiDg 
to  Phillips*  the  Pattinson  process  is  said  to  separate  lead  from 
bismuth  with  a  considerable  degree  of  perfection,  the  lead  passing 
into  the  crystals.  According  to  M^hu  sulphur  can  be  removed  in 
great  part  by  heating  the  bismuth  above  its  melting  point  with  excess 
of  air,  whereby  the  former  is  oxidised  to  sulphur  dioxide.  The 
remainder  of  the  sulphur  may  be  removed  by  melting  the  metal 
containing  oxide  of  bismuth  with  soda,  charcoal  and  tartar  or  soap. 
According  to  Tamm  it  may  also  be  removed  by  melting  bismuth 
with  wrought  iron.  Gold  may  be  extracted  from  molten  bismuth  bj 
the  aid  of  zinc.  Silver  can  be  removed  in  the  same  way.  The 
bismuth  may  be  freed  from  zinc,  according  to  Mrazek,  by  the  aid  of 
cdr.  If  copper,  arsenic,  antimony,  and  sulphur  are  all  present  in  the 
bismuth,  Tamm  recommends  to  remove  first  the  copper,  then  the 
antimony,  and  finally  the  arsenic  and  sulphur. 

Purification  of  Bismuth  in  the  Wet  Way 

This  method  is  dearer  than  the  dry  way,  but  yields  on  the  other 
hand  a  purer  profluct.     It  is  only  employed  when  a  basic 

»  Froc.  Royal.  Soc.,  vol.  xlii.,  p.  89.  «  Tech.  Chem.  •/aAr6.,  1890-91. 

»  Op.  cU.,  p.  328 ;  1903,  p.  480. 

*  BUmenta  of  Metallurgy,  London,  1891,  p.  614. 
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nitrate  is  required  for  medicinal  purposes,  or  when  the  metal  is  to 
be  prepared  for  use  in  the  laboratory.  Herapath's  process  has  for  its 
object  the  preparation  of  basic  bismuth  nitrate  free  from  arsenic. 
He  dissolves  bismuth  in  nitric  acid,  precipitates  the  basic  nitrate  by 
diluting  the  solution  with  water,  boils  the  residue  with  caustic  potash 
or  soda  to  remove  arsenic  or  lead,  washes  the  oxide  thus  obtained,  re- 
dissolves  in  nitric  acid,  and  again  precipitates  the  basic  nitrate  from 
the  solution  by  means  of  water.  Deschamps  produces  pure  bismuthic 
nitrate  by  dissolving  the  bismuth  in  nitric  acid,  any  tin  or  tin 
oxide  thus  remaining  in  the  residue,  treating  the  solution  with 
ammonia,  which  throws  down  bismuth  whilst  copper  and  silver 
remain  in  solution,  boiling  the  precipitate  with  a  solution  of  caustic 
potash,  whereby  lead  and  arsenic  are  dissolved,  and  dissolving  the 
precipitate  in  nitric  acid,  and  precipitating  the  basic  nitrate  by 
means  of  water.  Schneider  dissolves  bismuth  in  nitric  acid  heated 
to  between  75°  and  90°  C,  whereby  the  whole  of  the  arsenic  present 
separates  out  in  the  form  of  arseniate  of  bismuth  with  some  basic 
bismuth  nitrate.  (When  cold  nitric  acid  is  employed,  arsenite  of 
bismuth  is  formed,  which  is  difficultly  soluble  in  nitric  acid,  and 
quite  insoluble  in  bismuth  nitrate.)  The  solution  thus  obtained  is 
separated  from  the  residues  by  filtration  through  an  asbestos  filter. 
The  clear  solution  is  evaporated,  when  crystals  of  nitrate  of  bismuth 
perfectly  firee  from  arsenic  separate  out.  Hampe  has  proposed  a 
process  for  the  preparation  of  pure  bismuth  for  chemical  purposes. 
He  melts  bismuth  with  a  mixture  of  sodium  carbonate  and  sulphur, 
producing  bismuth  sulphide,  which  is  dissolved  in  nitric  acid  after 
thorough  washing ;  he  precipitates  the  basic  nitrate  by  the  addition 
of  water,  dissolves  it  again  in  nitric  acid,  and  treats  the  solution  with 
excess  of  ammonia  for  the  precipitation  of  bismuthic  oxide.  The 
precipitated  bismuthic  oxide  is  dried  and  reduced  by  hydrogen.  The 
composition  of  purified  commercial  bismuth  is  shown  m  the  following 
analyses  of  Schneider  : — ^ 

Bolivia.  Snxony. 

I.  uT"  in.             ivP 

Bi 99053  99069  99-390  99830 

Ag 0083  0-621  0188  0075 

Pb —  —  —  trace 

Cu 0-258  0-156  0090  0040 

Fe —  —  —  0026 

Sb 0-559  —  _               _ 

As —  —  0-255 

Au —  trace  —                -- 

Tl  .    .    .                          -  0-140  —               — 

*  /ottrn./.  prcKt.  Chem.,  vol.  xxiii.,  p.  75.     Ihid.y  N.F.,  xliv.  23-48. 
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Bismuth  pkoduced  in  1890  in  the  Shalt  Works  of  Saxony. 


I. 


Bi 

99-791 

U:     .. 

0070 

0-084 

Cu 

0027 

Fe 

0-017 

As 

— 

S 

trace 

II. 
99-745 
0-066 
0108 
0-019 
trace 
0-011 
0-042 


So-called  Commercial  **  Bismuth  Purissimum. 
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II. 
99-849 
0  047 
0049 
0-019 
trace 
0024 


in. 
99-982 

0-065 
0032 
trace 
trace 


TIN 


Physical  Properties 

Tin  has  an  almost  silvery  whiteness  with  a  slight  bluish  tinge 
and  a  brilliant  lustre.  The  latter  depends  to  a  large  extent  on  the 
temperature  at  which  it  is  poured ;  if  the  temperature  were  too  high, 
the  surface  would  show  iridescent  colours,  while  if  poured  at  too  low 
a  temperature  the  surface  would  be  dull.  The  admixture  of  small 
quantities  of  foreign  metals  (lead,  arsenic,  antimony,  iron,  bismuth) 
also  diminishes  the  lustre  of  tin. 

Tin  is  dimorphous.  It  crystallises  in  the  forms  of  the  tetragonal 
and  rhombic  systems.^  The  tetragonal  form  is  obtained  by  reduction 
from  a  solution  of  stannous  chloride,  or  by  cooling  molten  tin  at 
the  usual  temperature  of  the  air.  Rhombic  tin  is  produced  by  a  very 
gradual  cooling  of  molten  tin  at  a  temperature  slightly  lower  than  its 
melting  point.  The  structure  of  tin  is  distinctly  crystalline ;  if  the 
surface  of  tinned  plate  or  tinfoil  be  etched  with  hydrochloric  acid 
which  contains  free  chlorine,  or  with  stannic  chloride,  it  becomes 
covered  with  a  pattern  resembling  frost  pictures  on  windows  (vioirS 
mdallique).  A  bar  of  tin  emits,  when  bent,  a  characteristic  creaking 
noise,  the  so-called  "  cry "  of  tin.  This  is  due  to  its  crystalline 
structure,  the  individual  crystals  grinding  against  one  another  on 
bending. 

Many  kinds  of  tin  when  exposed  to  severe  cold  (  —  20°  C.)  acquire 
a  rod-like  or  columnar  structure.  At  lower  temperatures  still 
( ~  40°  C),  the  rods  or  columns  break  up  into  grey  friable  grains.  These 
small  grains  from  their  characteristic  colour  are  known  as  the  grey 
Tnodifimtion  of  tin.  The  exact  cause  of  this  molecular  change  is  not 
known;  under  these  conditions  (and  presumably  as  the  result  of 
them)  certain  kinds  of  tin  break  up,  while  others  are  not  aflFected. 
>  V.  Fonllon,  Jahrb.  der  K.  K.  Oeolog,  Beichsanstalt,  1884,  p.  367. 
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If  a  small  quantity  of  the  grey  modificatioii  be  hammered  into  some 
ordinary  tin,  the  latter  in  a  short  time  changes  into  the  grey  modifi- 
cation.^ The  specific  gravity  of  cast  tin  is  7*291,  of  rolled  tin  7*299. 
of  electrically  deposited  tin  from  7143  to  7*178.  That  of  the  grey 
modification  varies  about  a  mean  of  7195  (Rammelsberg),  while  this 
variety  after  re-melting  has  a  specific  gravity  of  7*310.  Commercial 
tin  has  a  specific  gravity  of  7*5,  most  of  the  impurities  in  it  being 
heavier  than  the  tin  itself. 

Tin  is  harder  than  lead  but  softer  than  gold.  It  is  so  extensible 
at  ordinary  temperatures  that  it  can  be  beaten  and  rolled  to  thin 
leaf  (sheet  tin  and  tinfoil).  At  higher  temperatures  its  extensibility 
diminishes,  until  at  200°  C.  it  is  so  brittle  that  it  breaks  to  pieces 
when  hammered,  and  can  be  powdered.  If  the  temperature  at  which 
tin  is  cast  be  either  too  high  or  too  low,  it  will  be  "  short,"  i.e.  brittle. 
The  addition  of  1  per  cent,  to  2  per  cent,  of  copper  or  lead  increastt* 
the  I)^rdness  and  tenacity  of  tin. 

Tin  is  ductile  but  possesses  little  tenacity ;  it  is  most  ductile  at 
about  the  temperature  of  100°  C. ;  a  wire  0*08  inch  in  diameter 
breaks  under  a  load  of  54  lbs. 

The  melting  point  of  tin  is  given  differently  by  different 
observers :— Creighton,  228°,  Rudberg,  228*5°,  Kupffer,  232°,  Person 
232*7.°  C.  It  boils  at  a  white  heat  (between  1600°  and  1800'  C ). 
and  burns  with  a  white  flame  in  the  air  at  this  temperature,  forrain? 
stannic  oxide.  Its  linear  expansion  by  heat,  according  to  Calvert  and 
Johnson,  between  0°  and  100°  C,  is  0*002717 ;  its  specific  beat 
between  0°  and  100°  C,  according  to  Regnault,  is  0*0562 ;  its  con- 
ducting power  for  heat  is  145  to  152,  when  silver  is  taken  as  1000 
(Wiedemann  and  Franz);  its  conducting  power  for  electricity  at 
21°  C.  is  11*45  (Mathiessen)  or  14*01  (Becquerel),  silver  being  t^ken 
as  100. 

Tin  is  usually  contaminated  by  iron,  arsenic,  antimony,  lesvi. 
copper,  bismuth,  tungsten,  molybdenum,  and  stannous  oxide.  The 
effects  of  these  impurities  are: — Iron,  if  present  in  considerable 
quantities  makes  the  tin  hard  and  brittle;  arsenic,  antimony  and 
bismuth,  if  present  to  the  extent  of  0*5  per  cent,  reduce  its  tenacity; 
copper  and  lead  (1  per  cent,  to  2  per  cent.)  make  it  harder  and 
increase  its  strength,  but  make  it  less  malleable;  tungsten  and 
molybdenum  render  it  less  easily  fusible;  stannous  oxide  redu^ 
its  tenacity ;  sulphur  is  said  to  render  it  "  short." 

1  Chem,  ZeUung,  1892,  pp.  16,  1197 ;  1893,  pp.  17,  1386. 
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The  Chemical  Properties  of  Tin  and  its  Compounds,  which 
ARE  OF  Importance  in  its  Extraction 

Tin  at  ordinary  temperafures  is  not  acted  on  by  either  air  or 
water.  In  air,  at  temperatures  above  its  melting  point,  it  becomes 
covered  with  a  greyish-white  film,  a  mixture  of  stannic  oxide  and  tin, 
which  by  continued  heating  is  changed  into  a  whitish-grey  powder  of 
stannic  oxide,  the  so-called  "putty-powder"  of  commerce.  The 
complete  conversion  into  stannic  oxide  is  accelerated  by  raising  the 
tin  to  a  red  heat,  and  also  by  the  presence  of  lead. 

Tin  decomposes  steam  at  a  red  heat,  being  oxidised  to  stannic 
oxide. 

Tin  dissolves  in  hydrochloric  acid  with  liberation  of  hydrogen  and 
formation  of  a  solution  of  stannous  chloride ;  the  concentrated  hot 
acid  dissolves  it  briskly ;  cold,  dilute  acid,  on  the  other  hand,  acts 
very  slowly.  ^ 

Cold  dilute  sulphuric  acid  has  very  little  action  on  tin;  the 
hot  concentrated  acid,  however,  forms  with  it  a  solution  of  stannous 
sulphate  with  evolution  of  dioxide.^ 

Ordinary  nitric  acid,  of  specific  gravity  1*3,  oxidises  tin  to 
white  hydrated  metastannic  acid,  insoluble  in  excess  of  nitric  acid ; 
highly  diluted  nitric  acid  is  reduced  by  tin  with  the  formation  of 
stannous  nitrate  and  an  ammonium  salt.  The  most  concentrated 
nitric  acid  has  no  action  on  tin. 

Aqua  regia  dissolves  tin  forming  stannic  chloride ;  if  there  be 
excess  of  nitric  acid  present  metastannic  hydrate  is  produced. 

Warm  concentrated  solutions  of  either  caustiQ  potash  or  soda 
dissolve  tin  with  liberation  of  hydrogen,  fonning  stannate  of  potash 
or  soda. 

Oxygen  Compounds  of  Tin 

We  know  two  compounds  of  tin  with  oxygen,  stannous  oxide, 
SnO,  and  stannic  oxide  or  stannic  acid,  SnOj.  Stannous  oxide  acts 
as  a  base,  while  stannic  oxide  acts  both  as  a  base  and  as  an  acid. 

Stannous  Oxide,  SnO, 

is  obtained  by  treating  stannous  chloride  with  alkaline  carbonates  and 
boiling  the  resulting  white  hydrated  stannous  oxide  with  water 
containing  a  very  small  quantity  of  potash,  insufficient  to  dissolve 

'  Recent  reaearcbei  show  that  stannic,  and  not  stannous,  sulphate  is  formed.     See 
Jouni.  Ckem,  Ind.,  1898,  p.  214. 
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the  hydrated  oxide.  This  oxide  takes  the  form  of  small  glisten- 
ing black  crystals,  which  are  not  altered  by  exposure  to  air  at 
the  ordinary  temperature,  though  when  heated  in  the  air  they  take 
fire  and  bum,  forming  stannic  oxide. 

The  hydrated  oxide  passes  gradually  in  the  presence  of  water 
into  hydrated  stannic  oxide. 

Stannic  Anhydride,  SnOg, 

is  found  in  nature  as  tin  done  or  cassUerite.  It  can  be  produced  bv 
heating  tin  to  a  high  temperature  in  air,  or  by  igniting  stannous 
hydrate,  or  stannous  oxalate. 

Stannic  anhydride  in  the  pure  state  possesses  a  white  or  straw- 
yellow  colour  which  on  heating  changes  to  a  transient  brown.  Thb 
oxide  is  reduced  to  the  metal  by  heating  it  with  carbon,  hydrogen  or 
carbon  monoxide,  and  by  melting  it  at  a  low  temperature  with 
potassium  cyanide.  It  is  insoluble  in  all  acids,  but  dissolves  in 
aqueous  solutions  of  the  alkalies. 

Stannic  Add,  HjSnOg, 

is  prepared  as  a  bulky  white  precipitate  by  treating  stannic  chloride 
solution  with  ammonia :  it  is  soluble  in  sulphuric  and  nitnc  acid^ 
with  formation  of  oxysalts  of  tin,  and  in  aqueous  solutions  of  the 
alkalies  with  formation  of  salts  of  stannic  acid  (stannates). 

A  modification  of  stannic  acid,  the  so-called  meiastannic  aaL 
Hj^SngOjg,  is  distinguished  by  its  insolubility  in  acids.  It  can  be 
obtained  as  a  white  powder  by  treating  tin  with  nitric  acid.  Ordi- 
nary stannic  acid  is  converted  by  long  contact  with  water  into  thi* 
modification. 

Chlorides  of  Tin 

Tin  forms  two  compounds  with  chlorine :  stannous  and  stannic 
chlorides. 

Stannous  Chloride,  SnClg, 

is  obtained  by  acting  on  tin  with  hot  concentrated  hydrochloric 
acid. 

Stannic  Chloi'ide,  SnCl^, 

is  prepared  by  dissolving  tin  in  aqua  regia,  or  by  passing  chlorint 
through  a  solution  of  stannous  chloride,  or  by  burning  tin  in  dn 
chlorine  gas. 
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OxYSALi^  OF  Tin 

Among  these  must  be  mentioned  the  sulphate  and  the  nitrate. 
The  former  is  prepaied  by  dissolving  tin  in  boiling  concentrated 
sulphuric  acid.  The  nitrate  is  obtained  when  tin  is  treated  with 
dilute  nitric  acid.  The  silicates  of  tin  have  been  but  little  studied. 
They  are  formed  by  heating  stannic  oxide  with  silica/  and  are  readily 
fusible  bodies  reducible  to  tin  on  heating  with  iron.  Carbon  only 
effects  their  reduction  when  some  basic  substance  is  present  to 
combine  with  the  silica. 

Sulphides  of  Tin 

Tin  forms  two  compounds  with  sulphur,  stannous  sulphide,  SnS» 
and  stannic  sulphide,  SnS^. 

The  stanrums  sulphide  is  obtained  by  melting  together  tin  and 
sulphur,  or  by  the  action  of  sulphur  vapour  on  finely  divided  tin. 
It  is  a  leaden-grey  foliated  mass  with  a  metallic  lustre.  It  can  be 
obtained  as  a  brown  precipitate  of  hydrosulphide  by  passing  sul- 
phuretted hydrogen  through  a  solution  of  a  stannous  oxysalt  or 
stannous  chloride.  Mourlot's  investigations^  show  that  it  is  not 
decomposed  on  heating  electrically,  but  that  it  volatilises  unchanged. 

Stannic  sulphide  can  be  prepared  in  the  form  of  golden  yellow, 
glistening  scales  by  heating  together  tin  filings,  sulphur,  and 
salammoniac ;  it  is  known  under  the  name  "  mosaic  gold."  The 
hydrosulphide  can  be  prepared  as  a  yellow  precipitate  by  passing 
sulphuretted  hydrogen  through  a  solution  of  a  stannic  oxysalt  or 
stannic  chloride. 

Phosphorus  and  arsenic  combine  with  tin  directly  as  well  as 
indirectly,  forming  silver-white  brittle  substances. 

Alloys  of  Tin 

Tin  alloys  with  most  metals  in  almost  any  proportion ;  of  these 
alloys  many,  on  account  of  their  special  properties,  are  applied  in 
the  arts.  Among  them  must  be  mentioned  the  tin-copper  alloys, 
e.g.,  bronze,  gun- metal,  bell-metal;  the  tin-lead  alloys,  e.g.,  pewter, 
tin-foil,  soft  solder;  the  tin-antimony  alloys  (sometimes  with  the 
addition  of  lead  and  copper),  e.g.,  bearing-metal,  britannia-metal ; 
the  tin-bismuth-lead  alloys  used  for  type,  calico-printing-blocks,  and 

'  Recent  researches  by  Mr.  H.  Dean,  under  the  directions  of  the  Translator,  seem 
to  show  that  stannic  oxide  and  silica  do  not  combine,  but  that  only  stannous  silicates 
exist ;  tin  would  thus  be  very  analagous  to  iron  in  the  behaviour  of  their  oxides  towards 
•ilica.  ^  C(mpt.  rend.,  1897,  124,  I,  7ft3. 
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castings ;  the  tin-zinc  alloys  used  for  imitation  silver  leaf;  and  tin 
amalgam  used  for  silvering  mirrors.  The  tin-iron  alloys  are  •»! 
importance  in  the  extraction  of  tin.  These  are  known  as  "  hard- 
heads," and  are  produced  in  smelting  ferriferous  tin  ores  and  tin- 
and  iron-bearing  slags,  The  existence  of  the  compounds  Fe^Sii, 
FcgSn,  FeSn,  FeSn^,  FeSn^,  and  FeSn^,  has  been  established.  The 
best  known  alloy  is  FeSn^,  which  was  investigated  by  NoUner  and 
Plattner  in  1860,  and  later  by  Oudemans.^  The  latter  isolated  it  in 
a  crystalline  condition  from  Banca  tin,  and  determined  its  specific 
gravity  to  be  7*743.  It  is  formed  when  tin  containing  iron  is  melt^ 
and  allowed  to  cool  slowly.  Lampadius,  Berzelius,  Berthier,  and 
Stolzel  have  investigated  the  alloy  Fe^Sn,  Stolzel  the  alloys  FeSiig 
and  ]f'eSn7,  Caron  and  Deville  FeSn,  and  Lassaigne  FcgSn.  Accord- 
ing to  Stolzel  when  alloys  containing  more  than  two-thirds  of  their 
weight  of  tin  are  liquated,  tin  melts  away  and  the  alloy  Fe^Sn 
is  left  behind. 

Tin  Ores 

The  only  ore  ot  tin  which  is  used  for  the  extraction  of  the  metal 
is  tin  stone  or  cassiterite,  SnOg,  containing  78*6  per  cent,  of  metal.  It 
is  found  in  lodes,  stockworks,  and  beds,  and  also  in  secondary  depoeiid 
of  water-worn  particles,  the  so-called  alluvial  deposits.  The  ores 
obUiined  from  the  former  deposits  are  called  lode-tin,  those  from  the 
alluvial  deposits,  stream  tin ;  tin  ores  are  also  spoken  of  as  imshd 
tin,  tin-saTid,  black  tin,  barilla. 

The  lodes  are  found  in  the  older  rocks,  in  granite,  gneiss,  mica- 
schist,  greisen  and  clayslate,  the  cassiterite  being  usually  accompanied 
by  quartz,  mica,  fluorspar,  apatite,  felspar,  soapstone,  tourmaline, 
chlorite,  topaz,  axinite,  sulphides  of  various  metals,  mispickel 
specular  iron  ore,  magnetic  iron  ore,  native  bismuth,  wolfram,  and 
molybdenite. 

The  alluvial  deposits  are  formed  by  the  weathering  of  the  lodes 
and  surrounding  rocks.  They  are  therefore  usually  found  occupying 
old  river  beds,  and  mostly  in  the  neighbourhood  of  the  original  lode. 
The  ores  from  them  are  invariably  purer,  because  by  the  action  ol 
the  atmosphere  and  running  water,  a  portion  of  the  injurious  im- 
purities, e.g.,  arsenides  and  sulphides,  have  been  decomposed  and 
carried  away. 

Tin  ore  is  found  in  England,  Sweden,  Russia  (Pitkaranta  in 
Finland  and  Transbaikalia  in  Siberia),  Saxony,  Bohemia,  Spain  (ic 
the   province   of  Galicia),   Portugal   (Zamora),   France    (Morbihan, 

^  Jaarltoek  van  het  Mijnwesen  in  NtdcHandsch  Oost-Indie,  1890,  I,  p,  24. 
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Vaulois,  Cieux,  Montebras),  in«the  United  States  (California,  Dakota, 
Xorth  Carolina,  Virginia,  Alabama),  Alaska,  Mexico,  Brazil,  Peru, 
Bolivia,  Chili,  China,  Japan,  Malacca,  Java,  Sumatra,  Banca,  Billiton, 
Carimon,  Burma,  Siam,  Anam,  New  South  Wales,  Queensland, 
Western  Australia,  and  Tasmania,  Africa  (Congo,  Swaziland). 

The  most  important  European  localities  which  at  present  furnish 
a  supply  of  tin  ore  are,  in  England,  Cornwall  and  Devon,  where  the 
deposits  have  been  worked  since  the  time  of  the  Phoenicians.  The 
alluvial  deposits  are  exhausted  and  at  the  present  time  the  ore  is 
obtained  from  lodes  and  branches  from  them  into  the  enclosing  rock. 
Altenberg,  Geyer,  and  Zinnwald  in  Saxony,  must  be  mentioned  ; 
in  these  localities  the  ore  is  found  in  stock  works;  also  Qraupen  and 
Schlaggenwald  in  Bohemia,  where  it  occurs  in  similar  deposits.  The 
quantity  of  ore  produced  in  Saxony  and  Bohemia  is  small  in  compari- 
^n  with  that  obtained  from  England,  Australia,  and  the  E^t  Indies. 
In  France,  tin  stone  is  found  in  Brittany  (at  Villeder  and  Piriac)  and 
in  Creuse  (at  Montebras),  but  only  in  small  quantities  ;  also  in  small 
quantities  in  Spain  (in  Galicia). 

Beyond  the  continent  of  Europe  the  most  important  localities 
where  tin  has  been  discovered  are: — in  the  East  Indies  (alluvial 
deposits),  Banca,  Billiton,  Sumatra,  the  Carimon  Islands,  the  Malay 
Penninsula  (Perak,  Selangor,  Negri-Sembilan,  Pahang) ;  in  Australia, 
both  alluvial  deposits  and  lodes  are  found  in  New  South  Wales,  and 
Queensland.  The  most  important  Australasian  locality  is  Mount 
Bischoff  in  Tasmania,  where  the  ore  is  found  in  alluvial  beds,  in 
lodes,  and  in  stockworks  or  pockets.  A  dyke  of  eurite  and  porphyry 
having  broken  through  the  Silurian  shales  and  sandstones,  these 
latter  are,  at  their  contact  with  the  dyke,  cracked  and  fissured, 
Bind  the  fissures  are  filled  with  tin  ore,  and  arsenical  and  copper 
pyrites.     These  sulphides  increase  in  quantity  with  depth. 

Tin  is  also  found  widely  disseminated  in  Bolivia  at  Chorolque, 
Druro,  Potosi,  and  La  Paz  ;  Oruro  is  the  most  important  district. 

The  greatest  amount  of  stream  tin  is  produced  in  the  above- 
mentioned  localities  in  the  East  Indies.  The  greatest  quantity  of 
tin  is  won  in  the  East  Indies,  England,  Australia,  and  Bolivia. 

Tin  stone  possessing  a  fibrous  structure  is  known  as  wood  tin. 
The  mineral  tin  pyrites  or  bell-metal  oix  may  also  be  referred  to  here, 
as  it  contains  tin  to  the  extent  of  25  to  28  per  cent.  It  consists 
of  an  isomorphous  mixture  of  the  sulphides  of  tin,  zinc,  iron,  and 
copper ;  the  only  place  where  crystals  of  it  have  been  found  is  Hue) 
foxjk,  St.  Agnes,  Cornwall.  On  account  of  its  rarity  it  is  not  used 
its  a  source  of  tin. 
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The  Extraction  of  Tiif  from  the  Ore 

The  ^|n|ethod  is  principally  used  for  the  extraction  of  tin,  but 
wet  metn^Pare  used  in  some  cases  to  assist  in  the  separation  of 
certain  injuMus  impurities.  Different  proposals  for  the  treatment  of 
tin  stone  by%Iectro-metallurgical  methods  have  been  made,  but  they 
appear  to  have  no  prospect  of  success.  Proposals  have  also  been 
made  for  the  trei^ment  of  tin  slags  in  this  way,  but  it  does  not  appear 
that  there JraA  be«i  any  practical  application  of  them  so  far. 

Wettj^pBods  s  well  as  electrical  methods  have  been  applied  U^ 
the  recJiPf  of  tiL  from  refuse,  especially  from  tinned  plate  cut- 
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I.  The  Extraction  If  Tin  in  the  Dry  Way 

A.   THE  EXtVcTiL^   from  TIN   STONE 

The  extraction  of  tin  from  tin  stone  depends  upon  the  reducibility 
of  tin  oxide  by  carbon  and  carbonic  oxide  at  a  high  temperatun 
The  reduction  only  commences  at  a  white  heat.  If  the  tin  ore  W 
accompanied  by  oxides  of  other  heavy  metals,  especially  ferric  oxidf, 
as  is  usually  the  case  with  lode  ores,  these  are  reduced  at  the  same 
time  and  the  reduced  metals  alloy  with  the  tin.  Stannic  oxide  acts  a> 
a  base  to  silicic  acid,  and,  therefore,  if  the  latter  be  present,  the  tin 
ore  will  form  with  it  a  slag.  The  alkalies  and  the  alkaline  eartb 
towards  which  stannic  oxide  acts  as  an  acid,  will,  if  present,  likewix^ 
form  slag.  In  consequence  of  the  contamination  of  tin  by  the  heavy 
metals  and  the  formation  of  sows  and  bears,  on-thfi  one  hand,  and  ihi 
slagging  of  the  tin  oxide  by  silica  and  alkalies  on  the  other,  ii  J*^ 
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ibsolutely  essential  that  the  tin  ore  be  freed  as  far  as  possible  from 
Impurities  before  reduction,  whether  the  latter  is  to  be  performed  in 
reverberatory  or  in  shaft  furnaces.  This  is  done  partly  by  mechanical 
dressing  of  the  ores,  and  partly  by  the  use  of  chemical  means,  such 
as  roasting  or  treatment  with  acids.  The  preliminary  cleaning  of 
tin  ores,  therefore,  forms  an  important  part  of  the  extraction  of  tin. 
It  is  not  practicable,  however,  to  free  tin  ore  completely  from  its 
impurities,  and  it  is,  accordingly,  necessary  that  the  impurities 
remaining  in  the  ore  after  the  preliminary  treatment  should  be 
carried  away  in  a  suitable  slag.  The  slags,  which  contain  chiefly 
iron  as  basic  constituent,  take  up  not  only  tin  oxide  but  also  grains 
of  tin,  which  they  enclose  mechanically  owing  to  their  high  density. 
They  must  be  treated  specially  to  extract  this  metal.  The  greater  the 
quantity  of  slag  formed  in  tin-smelting,  the  less  is  the  direct  output 
of  tin.  If  tin-iron  alloys  are  formed  in  the  treatment  of  mattes  and 
slags,  the  tin  must  be  extracted  from  them  also. 

Tin  has  not  yet  been  prepared  in  the  electric  furnace,  though 
experiments  in  this  direction  are  being  carried  out  with  promising 
results  by  Danneel  and  Kiigelgen  at  the  Technische  Hochschule, 
Aix  la  Chapelle.^ 

We  have  therefore  under  the  extraction  of  tin  from  tin  stone,  to 
consider : — 

1.  The  purification  of  tin  stone  from  injurious  impurities. 

2.  The  reduction  of  tin  ore. 


1.   THE   PURIFICATION   OF  TIN   STONE   FROM   INJURIOUS   IMPURITIES. 

The  purification  of  tin  stone  from  the  greater  part  of  its  im- 
purities is  readily  done  by  taking  advantage  of  its  high  specific 
gravity,  its  stability  at  a  calcining  heat  and  its  insolubility  in  acids. 

In  consequence  of  the  high  specific  gravity  of  tin  ore,  it  is 
possible  to  remove  earths,  quartz,  silicates,  as  well  as  most  of  the 
metallic  oxides,  by  mechanical  treatment.  The  stability  of  tin  stone 
at  a  red  heat  allows  the  hard  siliceous  pieces  of  ore  stuff  to  be  cal- 
cined previous  to  dressing  until  they  are  brittle,  and  by  the  oxidation 
which  takes  place  during  the  roasting,  sulphur,  antimony  and  arsenic 
are  driven  off  from  their  compounds  in  the  ore.  The  insolubility  of 
tin  ore  in  acids  permits  the  removal  of  bismuth  and  copper  from  the 
roasted  ore  by  means  of  acids.  In  many  cases  the  tin  ore  contains 
tungsten  compounds,  such  as  wolfram  (FeMn)W04,  scheelite  CaWO^, 

*  Borcherd,  Electrc-mttcUlurgie,  1903,  p.  454. 
VOL.  II  1    1 
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or  tungstite  WO3.  When  such  ore  is  fused  with  alkaline  fluxes,  •f 
soda  or  sodium  sulphate,  at  first  tungstate,  and  aftenvards  stannatt? 
of  the  alkali  are  formed.  By  employing  a  suitable  quantity  of  fluxtr< 
the  tungsten  can  be  removed  while  only  a  trace  of  tin  is  lost  a> 
stannate.  This  method  for  the  removal  of  tungsten  from  tin  ores  was 
tried,  but  has  been  abandoned.  The  causes  of  its  abandonment 
are  said  to  be  the  high  cost  of  the  process  itself,  the  restrict^ 
market  for  alkaline  tungstates,  and  the  loss  of  tin  by  the  formation 
of  sodium  stannate,  and  also  the  disappearance  of  tungsten  from  the 
ore  in  Cornwall.  As  tungsten  compounds,  on  account  of  their  high 
specific  gravity,  cannot  be  separated  from  tin  ore  by  dressing,  the 
separation  is  effected  in  many  places  by  hand-picking  and  careful 
sorting. 

With  stream  tin  a  mechanical  dressing  suffices  in  most  cases  u 
produce  a  pure  tin  ore ;  with  lode  ores,  however,  roasting,  and  in  many 
cases  solution  processes,  must  be  used  to  assist  the  mechanical 
cleaning.  If  the  lode  ore  contains  much  quartz  or  gangue,  calciniafi 
to  render  it  brittle,  and  therefore  better  fitted  for  crushing,  is  founc 
useful  before  the  dressing  {Altenberg  tin  zwitter). 

By  the  mechanical  dressing  to  which  the  ore  is  subjected,  eithei 
with  or  without  previous  calcination,  the  gangue,  earths,  quartz,  an^i 
oxides  of  the  heavy  metals  are  for  the  most  part  removed,  while  th 
sulphides,  arsenides,  and  tungsten  compounds  nearly  all  remain  will 
the  ore. 

In  order  to  remove  sulphur  and  arsenic,  and  also  to  convert  iVi 
metals  with  which  they  are  combined,  into  oxides,  the  ore  is  subject ti 
to  an  oxidising  roasting,  which  is  followed  by  a  washing  to  remo\ 
the  metallic  oxides  formed  during  the  roasting.  If  the  ore  contaii 
a  great  proportion  of  arsenic,  as  is  the  case  in  Cornwall,  it  is  sui 
jected  to  second  roasting  followed  by  another  washing,  in  order  1 
remove  the  last  portions  of  that  impurity.  When  copper  aj 
bismuth  are  present,  the  oxides  of  these  metals,  which  are  form* 
during  the  roasting  process,  are  extracted  by  acids  before  furth 
washing ;  dilute  sulphuric  or  hydrochloric  acid  is  used  for  :] 
purpose. 

Tungsten  used  formerly  to  be  removed  after  the  washing  J 
fusion  of  the  ore  with  soda  or  glauber  salt.  By  a  judicious  c^-»i 
bination  of  these  processes — dressing,  roasting,  and  lixiviation— -I 
tin  contents  of  the  ore  can  be  raised  from  between  1  per  cent,  u 
2  per  cent,  to  between  50  per  cent,  and  70  per  cent. 
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The  Roasting  of  Tin  Ore. 

The  dressed  ore,  which  still  contains  sulphides  and  araenic  com- 
pounds, principally  iron  and  copper  pyrites  and  raispickel,  is  subjected 
to  an  oxidising  roasting  in  a  reverberatory  furnace.  Sulphur  and 
arsenic  are  expelled  in  the  form  of  sulphurous  and  arsenious  anhydrides, 
and  the  metals  with  which  they  were  combined  are  converted  into 
oxides.  The  arsenious  oxide  is  collected  in  long  flues  and  con- 
densing chambers,  while  the  sulphur  dioxide  is  allowed  to  escape. 

The  dressed  ore  usually  contains  between  25  and  30  per  cent. 
)f  tin. 

If  much  arsenic  be  present  in  an  ore,  the  greater  portion  of  it  is 
lot  removed  in  a  single  roasting  ;  such  ores  must  therefore  be 
•oasted  more  than  once. 

The  chemical  changes  brought  about  by  the  oxidising  roasting  of 
I  finely  divided  mass  of  tin  ore,  iron  pyrites,  copper  pyrites,  mispickel, 
bismuth,  and  tungsten  compounds — such  as  frequently  forms  the 
material  for  the  extraction  of  tin — are  as  follows: — 

The  iron  pyrites  is  partly  converted  into  ferric  oxide  and  partly 
nto  ferric  sulphate,  sulphur  dioxide  being  at  the  same  time  liberated, 
^he  ferric  sulphate,  as  the  temperature  rises,  is  split  up  into  ferric 
xide  and  sulphur  trioxide  or  sulphur  dioxide  and  oxygen.  The 
jlphur  trioxide  acts  on  the  sulphides,  and  also  on  the  arsenides, 
hich  are  still  unchanged,  oxidising  them. 

Copper  pyrites  is  changed  into  a  mixture  of  copper  oxide  and 
)pper  sulphate. 

The  tin  ore  remains  unaltered,  except  a  small  portion  which  is 
langed  into  stannic  sulphate. 

Bismuth  ores  are  converted  into  bismuth  oxide. 

Leucopyrite  loses  the  greater  part  of  its  arsenic  as  arsenious 
tide ;  a  small  portion  of  the  arsenious  oxide,  however,  is  changed 
►  arsenic  oxide  and  forms  arseniate  of  iron  with  some  of  the 
on. 

Mispickel  is  converted  into  a  mixture  of  ferric  oxide,  ferric  sul- 
late  and  ferric  arseniate,  with  disengagement  of  oxides  of  sulphur 
id  arsenic. 

Tungsten  compounds  are  unaltered. 

The  copper  in  the  ore  is,  as  far  as  possible,  converted  into  copper 
Iphate,  so  that  the  latter  may  be  extracted  from  the  roasted 
ia.rge  by  lixiviation. 

As  the  result  of  the  roasting  there  is  obtained  a  mixture  containing 
a  ore,  oxides  of  iron,  copper  and  bismuth,  sulphates  of  copper,  and 
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iron,  a  little  tin  sulphate,  ferric  arseniate,  wolfram  compouuds,  and 
small  quantities  of  unaltered  sulphides  and  arsenides. 

Ferric  arseniate  is  moderately  stable  at  high  temperatures  ;  Id 
order  to  decompose  it,  it  is  well  to  mix  powdered  coal  or  organic 
substances  such  as  sawdust  or  pine  needles  with  the  charge.  Th* 
iron  is  thereby  converted  into  ferric  oxide,  while  the  arsenic  acid  i"* 
by  means  of  the  carbon  converted  into  arsenious  oxide  and  suboxidt 
of  arsenic,  carbon  dioxide  being  produced. 

Reverberatory  furnaces  for  roasting  are  of  two  kinds  :  a,  those  in 
which  the  roasting  chamber  is  fixed,  and  ft,  those  in  which  the  whi>l» 
or  part  of  it  is  movable. 

The  latter  are  used  in  places  where  the  cost  of  labour  is  high,  or 
where  the  ores  contain  large  quantities  of  sulphur  and  arsenic,  and 
where  there  is  a  large  quantity  of  ore  to  be  handled.  This  i>. 
for  example,  the  case  in  Cornwall,  where  furnaces  of  the  former 
kind  have  been  almost  entirely  replaced  by  those  of  the  latt^^r 
Recently,  furnaces  with  partly  movable  roasting  chambers  (thi- 
Brunton  calciner)  have  given  place  to  the  more  eflTective  and 
capacious  Oxland  furnace,  in  which  the  whole  chamber  movesw 

a.  Furnaces  with  fixed  Boasting  Chambers, 

These  possess  either  elliptical,  rectangular  or  square  beds,  with 
only  one  working  door  in  the  short  side  opposite  the  fire.  Th. 
length  of  the  hearth  varies  from  7  feet  3  inches  to  15  feet;  tht 
width  (in  elliptical  beds  the  width  of  the  widest  part)  is  from  5  t- 
11  feet;  the  height  of  the  roof  above  the  bed  is  from  I  to  2  ftn^*:. 
The  charge  varies  with  the  size  of  the  furnace  from  i  ton  to  I  ton. 

The  arrangement  of  the  furnace  used  in  Saxony  is  shown  in  Fi.;- 
386  and  387. 

The  ore  is  dried  on  the  roof  of  the  furnace  and  dropped  int4>  ih 
roasting  chamber  through  the  opening  a ;  d  is  the  chimney ;  c,  a  flv*- 
by  which  the  arsenious  oxide  passes  to  the  condensing  chambers  an 
towers.  The  chimney  d  can  be  completely  shut  off  from  the  roastin: 
chamber  by  the  slide  h ;  similarly  the  flue  c  can  be  shut  off  from  th 
roasting  chamber  by  a  slide  or  a  damper. 

In  roasting  ore  containing  arsenic  in  this  furnace,  the  slide 
must,  at  the  beginning,  be  closed,  and  the  furnace  strongly  firt  :. 
a  great  quantity  of  arsenious  oxide  is  given  off  by  the  ore,  and  th.- 
as  the  chimney  is  closed,  must  pass  into  the  condensing  chambt^ 
When  the  arsenious  oxide  ceases  to  be  given  off,  carbon  is  mixed  wr 
the  charge  to  decompose  the  arseniates  which  have  been  formed,  t 
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opening  into  the  flue  leading  to  the  condensing  chambers  is  closed, 
und  that  leading  to  the  chimney  is  opened ;  the  products  of  roasting 
then  pass  into  the  air. 

If  the  ores  contain  very  little  or  no  arsenic,  the  gases  from  roasting 
and  from  the  fire  are  allowed  to  pass  at  once  to  the  chimney.  With 
this  kind  of  ore  the  furnace  is  at  first  gently  fired,  and  the  tempera- 
ture gradually  raised  as  the  sulphur  is  driven  out  of  the  charge. 


Via.  386. 


Fio.  887. 


During  the  roasting,  the  charge  must  be  regularly  rabbled  and 
umed  firom  side  to  side,  in  order  to  bring  each  part  of  it  continually 
ato  contact  with  the  air,  and  also  to  prevent  any  fritting  together. 

A  charge  contains  12  to  15  cwts. ;  the  time  of  roasting  depends 
•n  the  amount  of  arsenic  in  the  ores ;  those  which  contain  no  arsenic 
rill  require  from  6  to  8  hours,  whilst  those  which  do  contain  arsenic 
aay  require  as  much  as  24  hours.  ^ 
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One  or  two  workmen  are  required  for  each  furnace.  At  Tost^t 
(Llineburg  Heath)  long-bedded  calciners,  with  two  and  with  four 
hearths,  are  used.  In  the  former  2*5  to  4  tons,  in  the  latter  5  to  10 
tons  of  ore,  according  to  the  sulphur  content  of  the  ore,  are  worked  Htl' 
in  24  hours. 

At  Par,  in  Cornwall,  furnaces  with  elliptical  hearths  are  used : 
the  beds  are  7  feet  3  inches  long,  5  feet  wide,  and  the  height  frc»m 
bed  to  roof  in  the  middle  of  the  bed  is  1  foot  4  J  inches.  The  flue:* 
for  condensing  the  arsenious  oxide,  more  than  300  feet  long,  arp 
6  feet  6  inches  high  and  8  feet  2  inches  wide,  and  have  cross-walls 
projecting  alternately  from  each  side ;  at  the  end  of  the  flue  is  a 
high  chimney.  The  charge  consists  of  10  to  12  cwts.  and  remain- 
in  the  furnace  10  to  13  hours  at  a  gentle  red  heat,  being  rabbled  at 
intervals  of  20  to  30  minutes.  The  coal  consumption  varies  from 
2  to  2-6  cwts. 

Ores  containing  excessive  quantities  of  arsenic  are  washed  and 
subjected  to  a  second  roasting  for  8  or  10  hours. 

At  Treleighwood,  in  Cornwall,  the  furnace  bed  is  10  feet  square, 
and  the  fireplace  2  feet  6  inches  square.  One  ton  of  ore  thent* 
requires  3  cwts.  of  coal. 

b,  Fvrnaces  with  partly  Movable  Boasting  Chambers. 

Among  furnaces  of  this  kind  must  be  mentioned  the  Brunton 
calciner  which  is  used  in  Cornwall ;  the  construction  of  it  is  shown 
in  Figs.  388  and  389,  in  which  a  is  the  revolving  bed  carried  bv  a 
vertical  shaft.  It  consists  of  an  iron  frame,  the  upper  surface  uf 
which  forms  an  iron  table  fitted  with  concentric  ridges;  betwctn 
these  ridges  are  courses  of  fire-brick.  The  bed  has  the  shape  of  a 
flat  cone,  the  sides  of  which  possess  an  inclination  of  |  inch  to  thr 
foot.  The  diameter  varies  between  8  and  14  feet.  In  the  fiimaet 
figured  in  the  text  it  is  12  feet. 

The  vertical  shaft,  on  which  a  large  toothed  wheel  is  ke3'eii,  i- 
driven  by  means  of  the  water-wheel  A  through  the  cogwheels  h  ami 
bevel  gearing  i.  The  bed  makes  \\  revolutions  in  an  hour.^  Th»; 
roof  is  11  inches  above  the  bed  ;  e  is  the  hopper  through  which  the 
ore  is  fed,  and  which  is  fitted  with  an  automatic  arrangement  fur 
feeding.  Above  the  bed  are  two  or  three  fixed  rakes  with  inclimxi 
tines  3  inches  long,  fixed  in  a  frame.  By  the  revolution  of  tht 
table  and  the  inclination  of  the  prongs  of  the  rakes,  the  or^  i> 
gradually  worked  from  the  centre  to  the  edge  of  the  table  an-l 
landed  finally  at  the  discharge  opening  by  the  movable  shoot  ./. 
1  PhillipB'  Metallurgy,  p.  513.     London,  1891. 
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Here  it  is,  according  to  the  position  of  the  shoot,  which  is  worked 
by  the  handle  /,  discharged  alternately  into  one  of  the  two  chambers 
h ;  the  mouth  of  the  chamber,  while  it  is  being  emptied,  is  closed 
with  a  slide. 

In  a  furnace  of  this  sort  2  to  2^  tons  of  ore  are  roasted  in  24 
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hours    with    a    consumption    of    2J    cwts.    of    coal    per    ton    of 
roasted  ore. 

The  washing  of  the  roasted  ore  concentrates  the  tin  to  about  70 
per  cent.,  after  which  it  can  be  roasted  a  second  time  at  the  rate  of 
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about  3  tons  per  24  hours.  The  Bninton  calciner  has  recently,  in 
many  works,  been  replaced  by  the  revolving  calciner  of  Oxland  and 
Hocking. 

Ftcmaces  with  Movable  Boasting  Chamber, 

Of  this  kind  of  furnace  that  of  Oxland  and  Hocking  may  be 
taken  as  a  type.  It  is  used  in  Cornwall,  and  has  proved  itself 
specially  suited  for  roasting  ores  rich  in  sulphur  and  arsenic. 

The  arrangement  adopted  in  English  tin  works  is  shown  in 
Figs.  390  and  391. 

B  is  the  revolving  cylinder  from  30  to  40  feet  long,  and  from 
'4  to  6  feet  in  diameter;  it  is  built  of  boiler  plate,  lined  with  fire- 
brick. As  the  ore  travels  forward  by  the  turning  of  the  cylinder, 
it  meets  four  projecting  longitudinal  ridges  of  fire-brick  between 
which  it  lies.  The  inclination  of  the  cylinder  depends  on  the 
nature  of  the  ore  to  be  roasted  ;  with  easily  roasted  ores  it  is 
greater  than  with  those  that  require  more  time.  The  cylinder  is 
provided  with  3  bearing  rings  which  work  on  friction  rollers 
c.  Motion  is  communicated  to  the  cylinder  by  the  action  of 
the  bevel  wheel  Z  on  the  toothed  wheel  D,  which  is  bolted  to  tht- 
shell. 

The  air  which  is  necessary  for  oxidation  enters  the  cylinder, 
warmed  by  its  passage  through  the  flue  i  in  the  roof -4  of  the  fireplace. 
The  ore  is  fed  into  the  upper  end  of  the  cylinder  through  the  hopper 
h  fitted  with  an  automatic  feeder.  The  longitudinal  ridges,  by  the 
revolution  of  the  cylinder,  alternately  raise  and  drop  the  ore  when 
it  reaches  its  angle  of  repose.  Thus  the  ore  is  brought  into  repeated 
contact  with  the  hot  gases  and  air  in  the  cylinder.  Having  arrived 
at  the  lower  end  of  the  cylinder,  the  ore  falls  through  the  opening  < 
into  the  arched  chamber  t\  from  which  it  is  removed  through  the 
door/.  The  c)'linder  makes  from  3  to  8  revolutions  per  minute 
according  to  the  nature  of  the  ore. 

The  hot  gases  and  vapours  pass  from  the  upper  end  of  the 
cylinder  into  the  system  of  condensing  chambers  A,  /,  7i,  o,  ^,  in 
which  the  arsenious  oxide  is  deposited,  and  thence  to  the  chimney. 
The  deposit  is  removed  through  the  openings  m,  m,  which  are  built 
up  during  the  working.  The  condensing  chambers  are  covered  with 
cast-iron  plates  g,  on  which  the  ore  is  dried  before  roasting. 

One  man  and  a  boy  per  shift  of  8  hours  are  needed  for  the 
working  of  each  furnace.     The  consumption  of  coal  is  considerablx 
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ess,  and   the  output   considerably  greater,   than   in    the   Brunton 
jalciner ;  20  to  25  tons  of  ore,  according  to  the  amount  of  sulphur 


and  arsenic  it   contains,   can    be  roasted    in    24   hours   with   the 
consumption  of  1  cwt.  of  coal  per  ton  of  ore. 
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Treatment  of  the  Boasted  Ore. 

After  the  ore  is  roasted  for  the  first  time,  if  it  contain  copper,  it 
is  washed  with  water,  in  order  to  extract  the  copper  sulphate 
formed  during  the  roasting,  after  which  hydrochloric  acid  or 
dilute  sulphuric  acid  is  added  to  dissolve  the  copper  oxide.  From 
the  washings  the  copper  is  precipitated  by  scrap  iron.  Oxides  of 
iron  and  bismuth  will  also  be  dissolved  by  the  hydrochloric  acid. 

At  Altenberg,  in  Saxony,  where  the  ores  contain  bismuth,  the 
ore  is  allowed  to  remain  in  contact  with  hydrochloric  acid  for  raanv 
hours  in  wooden  tanks  ;  after  this,  the  solution  of  bismuth  chloride 
which  is  obtained  is  diluted  with  water  in  a  second  set  of  tanks  in 
order  to  precipitate  basic  chloride  of  bismuth.  The  liquor  is  then 
run  off  into  a  row  of  vats,  where  the  basic  chloride  settles  down,  the 
solution  is  sepai-ated  from  the  precipitate,  and  the  latter  dried  and 
smelted  in  graphite  crucibles  with  lime  and  charcoal. 

Removal  of  Tungsten  from  the  Boasted  Ore. 

The  wolfram,  which  cannot  be  removed  either  by  dressing  or  by 
extraction  with  acids  or  by  roasting,  used  to  be  extracted  at  the 
Urakewells  Mine  by  fusing  the  roasted  and  washed  ore  with  soda 
ash.  This  process,  due  to  Oxland,  depends  upon  the  conversion 
of  wolfram  into  sodium  tungstate  which  is  soluble  jn  water.  The 
process  was  carried  out  in  a  reverberatory  furnace,  the  hearth  ot 
which  consisted  of  a  shallow  cast-iron  pan. 

The  construction  of  this  furnace  is  shown  in  Fig.  392 ;  a  is  the 
cast-iron  pan  into   which  the   charge    is  introduced    through  th« 
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opening  z  in  the  roof;  b  is  the  fireplace.  The  flame  passes  fiis' 
over  the  pan  and  fire-bridge  ^,  then  down  the  vertical  flue  /  an-i 
along  under  the  pan,  finally  issuing  to  the  chimney  i,  through  tht 
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flue  t.    The  quantity  charged  at  one  time  varied  from  10  to  11  cwts. ; 
with  coarse  ore  a  greater  quantity  was  charged  at  one  time. 

The  ore  was  first  charged  and  the  soda  ash  added  as  soon  as  it  had 
attained  an  incipient  red  heat.  The  mass  was  then  well  rabbled 
and  brought  up  to  a  bright  red  heat.  The  quantity  of  soda  ash 
added  was  such  that  a  small  excess  was  present  beyond. that  which 
was  needed  for  the  formation  of  sodium  tungstate.  In  working  this 
process  the  charge  must  not  be  allowed  to  melt,  the  particles  of  tin 
ore  being  kept  unfused.  The  charge  remains  2  J  to  3  hours  in  the 
furnace,  after  which  a  portion  only  of  it  is  drawn  off  through  an 
opening  in  the  bed  (not  shown  in  the  figure),  into  an  arched  chamber 
underneath.  In  24  hours,  3  to  4  tons  of  ore  can  be  worked  with  a 
consumption  of  6  cwts.  of  coal.  The  fused  mass  is  placed,  while  still 
hot,  in  lixiviating  tanks  and  there  treated  with  water  ;  the  solution 
obtained  is  evaporated  either  to  the  strength  at  which  it  will 
crj'stallise,  or  to  dryness ;  in  the  latter  case  the  residue  will  contain 
70  per  cent,  of  sodium  tungstate. 

The  residue  from  the  lixiviation  is  washed  till  the  oxides  of  iron 
and  manganese,  formed  by  the  decomposition  of  the  wolfram,  are 
completely  removed. 

This  method  has  been  given  up,  or  is  only  rarely  used ;  it  is 
expensive,  and  there  is  some  loss  of  tin,  consequent  on  the  formation 
of  stannates ;  and  further,  the  market  for  tungsten  compounds  is 
limited,  and  their  price  is  low. 

Glauber  salt,  or  sulphate  of  soda,  being  cheaper  than  soda  ash,  is 
used  in  place  of  it,  coal  being  added  to  decompose  the  sulphuric  acid. 
The  furnace  is  first  worked  with  a  reducing  flame,  which  with  the 
coal  present  in  the  charge  reduces  the  sulphuric  acid  of  the  glauber 
salt  to  sulphurous  acid  which  escapes ;  the  furnace  is  then  worked 
with  an  oxidising  flame  by  which  the  wolfram  is  converted  into 
sodium  tungstate  and  oxides  of  iron  and  manganese. 

The  charge  is  9  cwts.,  and  4  charges  are  worked  in  24  hours. 
The  mass  is  lixiviated,  while  still  hot,  in  tanks  filled  with  water. 
Both  solution  and  residue  are  treated  in  the  same  way  as  in  the  soda 
ash  method.  This  process,  which  demands  great  care,  has,  on  the 
above-mentioned  grounds,  also  been  given  up. 

A  method  has  been  proposed  by  Michell  for  treating  ores  which 
contain  at  the  same  time  copper  and  wolfram.  The  ore  is  subjected 
to  a  chloridising  roasting  with  common  salt,  by  which  the  wolfram 
is  converted  into  sodium  tungstate,  and  the  copper  to  copper  chloride ; 
arsenic,  antimony,  and  bismuth,  if  present,  will  be  volatilised  as 
chlorides.     From   the   solution  which  will  contain  the  copper  and 
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tungsten,  the  former  can  be  precipitated  with  ii-on,  and  the  latter  bv 
calcium  chloride  as  calcium  tungstate.  This  practice  has  also  been 
given  up,  though  it  was  for  a  time  used  in  Bohemia  and  Cornwall. 

At  present  the  most  practical  way  is  to  separate  the  wolfrain 
from  tin  ores  by  hand-picking. 

Ore  which  has  been  once  roasted  and  washed,  if  it  is  free  from 
sulphides  and  arsenides,  or  if  it  contain  very  small  quantities  ot 
these,  is  smelted  for  the  production  of  tin.  If,  however,  it  contains 
considerable  quantities  of  these  impurities,  as  is  usually-  the  case 
in  Cornwall,  it  is  subjected  to  another  roasting  and  washing 
for  the  removal  of  the  last  portions  of  the  sulphur  and  arsenic, 
and  of  the  oxide  of  iron  formed  in  the  roasting.  This  second 
roasting  and  washing  would  be  performed  in  the  same  plant  as  the 
former  ones,  and  the  ore,  after  this  treatment,  would  be  smelted  t^» 
produce  tin. 

In  Bohemia,  Saxony,  and  some  English  works,  ores  are  only  once 
washed  and  dressed.  The  dressing  of  the  roasted  ores  is  done  bv 
washing. 

2.   THE   REDUCTION   OF  TIN   ORE. 

The  reduction  of  tin  ore  is  eflfected  by  smelting  it  with  carKm. 

The  reduction  process  can  be  carried  out  in  a  shaft  furnace  or  in 
a  reverberatory  furnace.  At  present  about  two-thirds  of  the  worlds 
tin  is  produced  in  shaft  furnaces  of  small  dimensions  from  compani- 
tively  pure  ores,  wood  charcoal  being  used  as  fuel  and  reduc- 
ing agent.  There  are  no  practical  results  to  hand  of  the  use  of  larp.' 
furnaces  worked  with  coke,  as  in  the  smelting  of  copper  and  lead  ore* 
Thus  one  can  only  say  that  small  furnaces,  worked  under  the  conditions 
just  mentioned,  are  effective,  considering  the  small  output  of  tin 
required.  It  may  be  added  that  in  general  they  produce  slag^ 
poorer  in  tin  than  reverberatory  furnaces ;  that  the  tin  is  less  pun 
owing  to  the  strong  reduction  that  takes  place ;  that  more  tin  i> 
volatilised  ;  that  pulverulent  ores  require  the  addition  of  looseninc: 
agents  (slags  being  used  for  this  purpose),  and  as  a  result  the  quantity 
of  slag  is  increased  and  tin  lost  thereby ;  and  that  when  coke  is  ust^i. 
the  large  amount  of  ash  it  contains,  which  must  be  slagged  off,  leads 
to  the  formation  of  much  slag,  and  the  increased  blast  pressun* 
required  causes  greater  loss  of  tin  by  volatilisation.  Finally,  th^ 
recovery  of  tin  from  slags  and  alloys  requires  repeated  smeltin?>. 
which  are  better  performed  in  reverberatories  than  in  shaft  fumaci^ 

The  reverberatory  furnace  needs  no  addition  of  any  material  tv 
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charges  of  fine  ore  for  the  purpose  of  loosening  it ;  but  only  of  coal 
(usually  lean  coal)  for  reduction  purposes.  As  fuel  for  heating  is  not 
in  contact  with  tBe  charge  of  ore,  the  slagging  off  of  a  considerable 
quantity  of  ash  is  obviated.  It  requires  no  blast,  and  it  allows  of  the 
use  of  solid  crude  fuel,  as  well  as  of  gaseous  and  liquid  fuels ;  it  is 
capable  of  a  greater  output  than  the  shaft  furnace,  and  permits  of  the 
production  of  a  purer  tin.  On  the  other  hand,  the  siliceous  hearth 
increases  the  slag,  and  the  slags  are  richer  in  tin  than  those  from  the 
shaft  furnaces ;  the  linings,  too,  require  larger  quantities  of  fire-brick  in 
the  former  case  than  in  the  latter.  The  slags  and  bye-products  are, 
however,  capable  of  simple  treatment  in  the  reverberatory  furnace. 
These  furnaces  are  used  at  present  for  rich  and  poor  ores,  for  fine  ore 
and  lump  ore,  and  in  places  where  fuel  and  fire-proof  materials  are 
cheap  and  where  large  quantities  of  ores  have  to  be  worked  up.  It  is  at 
present  impossible  to  say  with  certainty  whether  large  shaft  furnaces 
with  flue  dust  chambers  would  be  preferable  or  not  to  reverberatories. 
Apart  from  the  early  methods  for  the  treatment  of  tin  stone  in  hearths 
built  in  the  ground,  shaft  furnaces  were  in  general  use  up  to  the  year 
1705,  when  reverberatory  furnaces  were  introduced  into  Cornwall.^ 

a.  The  Bedtcciion  of  Tin  Ore  in  Shaft  Furnaces. 

The  extraction  of  tin  in  these  furnaces  is  practised  in  Saxony, 
Bohemia,  Finland,  Bolivia,  Billiton,  Banca,  and  the  Malay  Peninsula, 
in  Siam,  Burma,  South  China,  and  Japan. 

Shaft  furnaces  must  be  low  because,  otherwise,  foreign  oxides 
would  be  reduced  and  their  metals  would  alloy  with  the  tin ;  sows 
would  also  be  formed  in  the  furnace.  They  are,  therefore,  not  built 
more  than  10  feet  in  height.  The  furnaces  used  so  far  have  had  but 
little  depth  and  width;  in  recent  times,  however,  American 
furnaces  with  water  jackets  have  been  tried.  The  working  results 
of  these  are  unknown. 

In  order  that  the  tin  may  get  away  as  quickly  as  possible  from 
the  oxidising  action  of  the  blast,  and  to  prevent  the  formation  of  so^os 
on  the  sole-block,  these  furnaces  are  always  built  on  the  *'  S'fnir " 
principle,*  and  are  usually  worked  with  an  open  taphole  or  eye.  They 
are  provided  with  dust  chambers  to  collect  the  volatilised  tin  and  the 
fine  ore  which  is  carried  away  by  the  blast. 

The  construction  of  a  furnace  at  Altenberg,  in  Saxony,  is  shown 
in  Figs.  393  and  394. 

^  Pryce,  Mineralogia  Comubiensis,  1778,  p.  282. 

'  i.e.  with  an  arrangement  by  which  the  tin  collects  in  a  fore-hearth  ( Vortieyel) 
out.<<ide  the  chamber  in  which  the  reduction  takes  place.     See  vol.  i.  p.  118. 
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In  those  k  is  the  inner  lining  of  granite  10  feet  2  inches  high, 
which  is  enclosed  on  three  sides  by  the  granite  or  gneiss  outer  wall 
r ;  V  is  the  front  wall.  The  sole-block  o  is  formed  by  a  granite  slab 
inclined  at  an  angle  of  26°,  and  often  covered  over  with  a  brasqiie  of 
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fire-clay  containing  a  certain  proportion  of  coal  dust.  The  fumacr 
cavity  which  diminishes  in  area  from  above  downwards  is  trapezoid&i 
in  horizontal  section.  The  blast  enters  through  two  tuyeres  in  thc 
back  wall  of  the  furnace. 
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The  fused  products  pass  through  the  open  eye  of  the  furnace  into 
the  fore-hearth  ?/?,  hollowed  out  of  a  slab  of  brasque  which  forms  the 
fore-hearth  of  the  furnace.  Here  the  tin  and  slag  separate  from  each 
other ;  the  slag  is  allowed  to  flow  over  the  slag-notch  and  over  an 
iron  plate  u  connected  with  it-,  into  the  tank  g.  The  latter  is  filled  with 
water,  and  by  means  of  supply  and  discharge  pipes  can  be  kept  at  a 
fixed  temperature.  The  slag,  which  contains  tin  mechanically 
enclosed,  is  chilled  in  the  water  and  is  thereby  brought  into  a 
suitable  state  for  subsequent  crushing.  The  tin  is  tapped  through 
the  taphole  z  from  the  fore-hearth  into  the  tapping  pot  {Stechherd)  s ; 
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be  taphole  is  3^  inches  wide,  and  passes  through  the  iron 
late  X,  which  is  4J  inches  thick.  The  pot  is  made  of  either  cast- 
■on  or  granite,  with  a  lining  of  clay,  and  is  1  foot  7  inches  in 
iameter  and  1  foot  4  inches  deep.  Beyond  the  furnace  is  a  system 
f  dust  chambers  not  shown  in  the  figure. 

The  construction  of  a  furnace  at  Graupen,  in  Bohemia,  is  shown 
1  Figs.  395-397. 

One  tuyere  only  is  used,  and  the  shaft  is  8  feet  lOJ  inches  high 
id  trapezoidal  in  horizontal  section.  The  sectional  area  of  the 
ivity  is  diminished  from  above  downwards  by  the  convergence  of 
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the  side  walls.    The  lengths  of  the  parallel  walls  at  the  mouth  are  :— 
the  front  1  foot  6  inches  and  the  back  1  foot  8  inches :  at  the  tuyer. 
level  the  lengths  are : — the  front  10  inches,  the  back  10  J  inches.     The  ! 
inclined  sole-block  is  formed  of  a  fine-grained  sandstone ;  former!     , 
porphyry  was  used  for  this  purpose.      The  inner  lining  is  built  ol  ; 
fire-brick.  ! 

The  shaft  furnaces  which  were  in  use  before  1705  in  Cornwall 
were  arranged  as  Sumpfofen^  (See  vol.  i.  p.  118).  I 

At  Pitkaranta  in  Finland  cylindrical  shaft  furnaces  10  feet  high  j 
and  1  foot  6  inches  in  diameter  were  in  use.  In  China,  a  wat^r- 
jacketed  furnace  of  American  pattern  with  Root's  blowers  is  said  to  | 
have  been  introduced,  though  nothing  is  known  as  to  its  working.-  | 
At  Potosi  in  Bolivia,  also,  a  similar  furnace  has  been  introduced  with  [ 
favourable  results,  though  no  details  are  forthcoming.* 

The  older  forms  of  Chinese  furnaces,  both  draught  and  blast,  ar^ 
extensively  used  in  the  Malay  Peninsula.      The  arrangement  of  a 


Fig.  898. 


Fio.  399. 


Fio.  401. 


draught  furnace  as  seen  by  Louis  *  in  the  Tras  District  is  shown  in  Figs. 
398-401.  It  is  made  of  wooden  stakes  and  clay,  the  stakes  being 
held  together  by  bands  of  rattan.  The  air  is  let  in  through  two  fire- 
clay pipes,  3  inches  in  diameter,  which  are  placed  in  the  back  wall  of 


*  Pry  CO,  op.  cit.y  272. 

»  The  Min.  Ind,,  1896,  p.  662. 


2  The  Min.  Ind,,  1896,  p.  561. 
*  Ibid.,  1896,  p.  544. 
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e  furnace.      The  draught  is  regulated  by  plugging  these  pipes. 

)mpi%ct  wood  charcoal  and  pure  lump  ore  are  needed  for  these 

maces.     They  have  been  replaced  in  greater  part  by  blast  furnaces. 

lese  are  constructed  as  follows : — wooden  stakes  8  feet  long  were 
ixed  in  the  ground  close  together,  so  as  to  form  an  inverted  truncated 
tone  6  feet  6  inches  high,  with  a  diameter  at  the  top  of  5  feet,  and 
It  the  bottom  of  3  feet  4  inches.  They  were  then  bound 
ogether  with  fiat  bands  of  rattan,  and  the  whole  of  the  interior 
>f  the  cone  filled  with  clay  well  rammed  together ;  in  this  the  furnace 
'avity  proper  was  then  hollowed  out.  This  cavity  was  5  feet  deep 
ind  had  a  diameter  at  the  top  of  1  foot  6  inches,  and  at  the  bottom 
>f  10  inches.  The  opening  by  which  the  blast  was  admitted  was 
)laced  3J  inches  above  the  lowest  point  of  the  cavity.  The  primitive 
)lo\ver  was  made  out  of  a  hollowed  tree  trunk,  with  two  air  exits  and 
lack  valves,  and  a  piston  which  was  moved  backwards  and  forwards  ^ 
)y  a  coolie. 

The  construction  of  an  old  Chinese  furnace  at  Dreda  is  shown  in 
'^igs.  402-404.2      It  is  a  Tiegelofen,  the  taphole  of  which  is  closed 


Fic.  402. 


Fio.  403. 


uring  working  by  a  clay  plug.  The  blast  is  conveyed  through  a 
lav  pipe  in  the  back  wall  of  the  furnace. 

The  shaft  furnaces  in  the  larger  works  in  the  State  of  Perak  in  the 
lalay  Peninsula  are  built  of  brick  with  an  outer  wall  of  rough 
lasonry,  and  are  worked  with  a  fore-hearth  with  open  eye.  They 
re  6  feet  6  inches  high  from  the  level  of  the  floor.  The  cavity  is 
?mi-circular  in  cross-section  and  has  a  diameter  at  the  top  of  1  feet 
inches,  which  diminishes  to  6  inches  at  the  eye. 

The  construction  of  a  furnace  of  this  kind  can  be  seen  from 
'igs.  405  and  406.  It  has  only  one  opening  for  the  admission  of  the 
last,  which  is  produced  in  the  primitive  manner  described  above  in 
)nnection  with  the  older  form  of  Chinese  furnace.      A  is  the  outer 


*  Cramer,  Otnterr.  Zeitnchr.  1894,  p.  543. 
2  TheMin.  Ind.,  p.  648. 
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casing,  B  the  cavity,  C  the  eye,  D  the  fore-hearth,  F  the  tuyere  in 
dined  at  an  angle  of  40°  or  45°,  0  the  blower,  E  E  are  stages  leading 


Fio.  405. 


Fio.  406. 


up  to  the  mouth  of  the  furnace.     The  blower  requires  the  services  oi 
3  coolies. 

Li  Banca  and  Billiton  Chinese  furnaces  were  supplanted  in  186^ 
by  Vlaenderen's  furnaces.  In  the  year  1875,  90  of  these  furnaces 
were  in  use  in  Banca  alone,  and  at  present  they  are  exclusivelv  m 
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operation  in  Banca  and  Billiton.     They  are  three-tnyered  fiimaces 
?orked   with   a   fore-hearth,  and  are  square  in  section  internally. 


V. :: 

\  ■•■■ 

^ 

\ 

"x 

r  ^ 

L^ 

i 

F106.  407  and  408. 


hey  are  9  feet  2  inches  in  height,  and  the  blast  is  supplied  by  a  fan 
le  construction  of  one  is  shown  in  Figs.  407  and  408.^ 

*  Jaarboeck  v.  h.  Mijnwesen  in  Neederlandsch  Ooat-Iiidie,  1872. 
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A  is  the  shaft,  B  the  open  eye  (taphole)  of  the  furnace,  C  is  the 
fore-hearth  (cavity  in  which  the  runnings  collect),  B,  E  are  the 
tuyeres,  D  is  the  fan.  These  furnaces  have  replaced  the  older 
Chinese  furnace  with  advantage.  The  smelted  tin  is  ladled  out 
of  the  fore-hearth  into  iron  moulds  and  sent  to  market,  the  haid 
tin  (hardhead)  (FeSuj)  which  remains  behind  (in  the  fore-hearth 
being  first  liquated. 

The  ore  in  Saxony  and  Bohemia  is  mixed  with  slags  from  a  similar 
previous  process  and  dross,  the  slag  which  is  added  serving  as  a 
loosening  material  and  as  a  flux.  In  the  Malay  Archipelago  and 
Peninsula,  where  pure  ores  are  treated,  no  slag  is  added.  The  tin 
oxide  is  reduced  to  tin  by  the  carbon  of  the  coal  and  the  carbonic 
oxide  formed  in  the  process.  Louis  ^  is  of  the  opinion  that  potassium 
cyanide,  produced  by  the  action  of  nitrogen  upon  the  potash  in  the 
charcoal  ash,  plays  an  appreciable  part  in  the  reduction  process. 
The  foreign  constituents  of  the  ore  pass  chiefly  into  the  slag,  but  part 
of  the  metals  reduced  from  them,  especially  iron  and  copper,  allor 
with  the  tin.  If  the  ores  contain  wolfram,  part  of  the  tungsten  is 
found  in  the  slag,  and  part  in  the  tin.  In  this  case  the  slag  m\l 
be  less  fusible. 

Tin  and  slag  together  run  from  the  furnace  into  the  fore-hearth  { 
and  arrange  themselves  according  to  their  densities ;  if  the  tin  con- 
tain iron,  a  difficultly  fusible  alloy  of  tin  and  iron,  the  so-calltil 
hardhead,  frequently  separates  out  in  the  fore-hearth.  The  slag  i>i 
either  lifted  off*  the  tin  or  allowed  to  run  over  the  slag-notch  (gener-j 
ally  into  a  tank  containing  water).  The  tin  is  usually  tapped  fri»m 
the  fore-hearth  into  a  tapping  pot  placed  in  front  of  it. 

Tlie  amount  of  slag  added  to  the  ore  (in  European  practice)  maf 
be  as  much  as  50  per  cent.;  the  total  quantity  worked  depends ori 
the  size  of  the  furnace,  and  amounts  to  upwards  of  3  tons  in  l2 
hours.     The  products  are  crude  tin,  slag,  and  hardhead. 

The  crude  tin  from  the  blast  furnace  is  still  impure  and  must  ba 
refined.  Its  composition,  according  to  an  analysis  by  von  Lill  y\ 
a  sample  from  the  Schlaggenwald  in  Bohemia,  is  : — 

Sn 97-339  per  cent 

Fe 0-684     „       „ 

Cu 2-726     ..       „ 

As  ... trace 

S trace 

100-749 

1   The  Min,  Ind„  1896,  p.  536. 
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Tin  produced    in   the    Malay  Archipelago   in   the  old   Chinese 
irnaces  is  of  great  purity,  as  shown  by  the  analysis : — 


Tin  from  Siak  ■ 

Tin  from  Banca' 

Sn    .     .     .     99-96 

99-90 

Fe    .     .     .       003 

0-20 

S      ...       trace 

trace 

The  slags  are  silicates  of  the  metallic  oxides  contained  in  the  ores, 
ttrticularly  ferrous,  manganous,  and  aluminous  oxides  with  small 
[uantities  of  silicates  of  lime  and  magnesia.  They  also  contain  tin 
>xide,  partly  combined  with  bases,  partly  with  silica,  and  partly  as 
mdecomposed  oxide  mechanically  held  by  the  slag.  When  wolfram 
5  present  in  the  ore,  the  slags  will  contain  also  tungstates  of  iron 
nd  manganese.  They  are,  according  to  the  proportion  of  silica 
k'hich  they  contain,  a  complicated  mixture  of  mono-  and  bi-silicates 
nth  variable  quantities  of  compounds  of  stannic  and  tungstic  acids  ; 
lid  they  always  contain  considerable  amounts  of  metallic  tin  partly 
a  a  state  of  fine  division  and  partly  in  the  state  of  coarse  prill. 

As  long  as  the  slags  contain  a  fair  amount  of  silicate  of  tin,  no 
ron  is  separated  in  the  metallic  condition,  since  iron  decomposes 
ilicate  of  tin,  forming  tin  and  iron  silicate. 

The  composition  of  these  slags  can  be  seen  from  the  two  following 
nalyses  of  specimens  from  Altenberg  : — 

I.  II. 

Lampadius.  Berthier. 

Per  cent.  Per  cent. 

SiOjj. 2005  160 

SnOg 2512  320 

WOg —  10 

FeO 3015  410 

MnO —  1-7 

CaO 110  3-7 

MgO 1-23  1-7 

AiPj 50  2-4 


82-65  99-5 

The  slag,  after  crushing  and  washing  to  free  it  from  prill,  is 
ibjected  to  repeated  smeltings  with  charcoal  in  shaft  furnaces  in 
rder  to  extract  the  tin  it  contains.      The  first  time  this  is  done 

»  The  Min,  Ind.,  1896,  p.  559. 

*  Berg,-  und  HiUt,  Jahrbuch.  1864, 
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(the  so-called  ScMa^Jcmverandern),  it  produces  slag-tin  (Schlackeminni 
and  a  slag  which  contains  mechanically  a  large  quantity  of  metalli' 
tin.  This  slag  is  smelted  again  and  yields  Schlackeminny  and  a 
second  slag  which  still  retains  metal  mechanically.  These  lat 
slags,  as  well  as  slags  rich  in  tin  from  the  preceding  processesj 
are  subjected  to  a  process  of  dressing,  in  order  to  get  a  prodiictj 
rich  in  tin,  which  can  be  added  to  slag-  or  ore-charges ;  at  tW 
same  time,  the  refuses  obtained  in  smelting  and  refining,  such  jw 
liquation  dross,  hardhead,  skimmings,  furnace  dross,  and  flue  dust,  ar^ 
worked  up. 

The  smelting  of  slags  is  done  either  in  ore  furnaces,  following 
immediately  upon  the  ore  smelting,  or  in  special  shaft  furnaces  ol 
small  height  to  prevent  the  reduction  of  ferrous  oxide. 

It  frequently  happens  in  smelting  ores  containing  iron,  and  mom 
so  in  smelting  slags,  that  tin-iron  alloys  (hardhead)  are  formed,  which 
deposit  in  the  fore-hearth.  These  alloys,  which  have  a  grey  or  whik 
colour  and  a  crystalline  structure,  and  are  very  brittle,  are  formed  iu 
consequence  of  the  property  of  tin  of  uniting  in  all  proportions  vi:ii 
iron  to  form  a  series  of  homogeneous  alloys.  Alloys  of  this  kin<i 
possessing  the  formula  Fe^Sn  (Berthier),  Fe^Sn  FeSn  (DeviLV 
and  Caron),  FeSn2  (Nollner)  and  FeSn^  and  FeSn^  have  be^^ 
isolated. 

The  composition  of  hardhead  from  Altenberg  in  Saxony  will  V 
seen  from  the  following  analyses . — 


Fe<|8u. 


FtiSna. 


I. 

II. 

JIT. 

IV. 

Lampadius. 

BenseUuB. 

Berthier. 

FUttner. 

Per  cent. 

Per  cent. 

Per  cent. 

Percent. 

Sn    .    .    .    . 

.    .    .        30-5 

31-4 

32  22 

80-89 

Fe     .... 

.    .    .       61-5 

62-6 

6414 

1716 

W     .    .    .    . 

.    .    .         0-9 

1-6 

1-64 

— 

As     .        .    . 

.    .    .          1-45 

— 

— 

— 

Cu     .... 

.    .    .          — 

— 

— 

0-99 

Carbon     .    . 

.    .    .         0-95 

— 

— 

0-96 

Slag     .    .    . 

.    .    .         3-51 

24 

— 

— 

98-81 


98  00 


100  "00 


Hardhead   is  smelted   with   the   other  refuse    products    of  v: 
extraction. 

Examples  of  Shaft  Furnace  Pra^^tice, 

The  tin-bearing   rock    mined    in    Altenberg    and  Zinnwal«i 
Saxony,  called  ZiniizmUer,  is  concentrated  by  dressing  and  roasiir, 
from  i  per  cent,  up  to  50  or  60  per  cent,  of  tin,  and  is  smelted  v: 
wood  charcoal  in  the  above  described  furnace  with  the  additiK 
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from  25  to  50  per  cent,  of  slag  from  a  previous  similar  process,  6  or  7 
per  cent,  of  dressed  furnace  dross  and  variable  quantities  of  washed 
drosses  and  hardhead. 

The  furnace  is  worked  without  a  nose  on  the  tuyere. 

Tin  and  slag  collect  in  the  fore-hearth,  whence  the  slag  is  allowed 
to  flow  into  a  tank  containing  water,  while  the  tin  is  tapped  at 
intervals  of  8  to  12  hours  into  the  tapping  pot ;  if  the  tin  remains 
longer  in  the  fore-hearth,  hardhead  separates  out  there. 

When  the  furnace  is  working  properly,  the  tin  which  runs  from 
the  furnace  should  be  red-hot,  and  the  charcoal  visible  through  the 
tuyere  hole  should  be  at  a  yellow  heat ;  if,  however,  the  temperature 
rise  too  high,  both  the  fuel  visible  through  the  peephole  and  the 
issuing  tin  will  be  at  a  white  heat. 

In  24  hours,  32  cwts.  of  ore  and  16  cwts.  of  slag  can  be  worked  ; 
Tom  7*2  to  7-8  cubic  yards  of  charcoal  are  used  for  every  2  cwts.  of  tin 
jroduced.  The  loss  of  tin  amounts  to  12  or  15  per  cent.,  of  which  8 
)r  9  per  cent,  is  due  to  volatilisation.  The  campaign  lasts  only  3  or 
t  days.  After  the  ore  smelting,  it  is  usual  to  follow  on  immediately 
n  the  same  furnace  with  the  treatment  of  rich  slags  and  other  inter- 
aediate  products. 

The  slags  contain  unaltered  tin  ore  as  well  as  tin  in  the  form  of 
>rill.  This  treatment  yields  slag-tin  {Scklackenzinn)  and  so-called 
tCTdnderte  "  slags  containing  still  large  quantities  of  tin.  These  are 
ubjected  to  a  further  smelting  (the  so-called  "  Schiackentreiben  ")  in 
haft  furnaces. 

The  products  of  the  ore  smelting  are  crude  tin,  slag,  and  hard- 
ead  The  crude  tin  is  refined  (either  by  boiling  or  by  liquating), 
be  slags  are  further  smelted  to  extract  the  tin  they  contain,  and 
lie  hardhead,  after  a  preliminary  calcination,  is  added  to  the  charge 
1  the  verdndem. 

At  Graupen,  in  Bohemia,^  ore  is  extracted  from  gneiss  which 
irries  from  J  to  10  per  cent,  with  an  average  of  2  per  cent.  When 
lis  is  dressed  it  yields  coarse  concentrates,  tin  ore  containing 
om  68  to  72  per  cent,  of  tin,  and  slimes  with  from  45  to 
}  per  cent.  These  are  smelted  in  conjunction  with  ores  from 
olivia,  except  when  tin  of  special  purity  is  required,  in  which 
Be  the  concentrated  ores  are  smelted  by  themselves.  Ores  which 
>ntain  bismuth  are  previously  roasted  and  treated  with  hydrochloric 
^d  for  the  extraction  of  that  metal. 

The  smelting  of  these  ores  is  effected  in  the  furnaces  described  and 
jured  above,  which  are  worked  with  a  dark  top  and  without  'nose. 
1  Balling,  MetaUlhiUttnkunde,  p.  520. 
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Slags  are  added  to  the  charge  as  a  flux.  After  tapping,  the  tin  i> 
skimmed  in  the  tapping  pot  and  cast  into  bars.  The  slag  which  flows 
into  the  fore-hearth  with  the  tin  is  from  time  to  time  lifted  oflf  and 
thrown  into  water.  If  the  temperature  rises  too  high,  wet  charcoal 
is  used.  In  24  hours,  22  to  24  cwts.  of  ore  are  smelted,  using  13 
cubic  yards  of  charcoal.     The  slags  contain  10  per  cent,  of  tin. 

The  first  smelting  (verdndfrn)  of  the  slag,  which  is  previously 
reduced  to  the  size  of  peas,  follows  on  the  smelting  of  a  parcel  of  on\ 
In  this  process  a  higher  pressure  of  blast  is  used,  and  the  diamet'Cr 
of  the  taphole  is  increased  from  1^  inches  to  3  inches.  Further,  on 
account  of  the  greater  fluidity  of  the  slag  from  this  operation,  the  tin 
is  ladled  from  the  fore-hearth  ;  if  it  were  tapped  into  the  pot,  the 
slag  would  run  with  it  and  would  stop  up  the  taphole.  The  slag 
obtained  is  quenched  in  water,  crushed  and  smelted  in  the  same  furnace 
after  the  slag  obtained  from  ore-smelting  is  finished.  This  second 
smelting  of  slag  is  called  the  Treiben.  The  products  are  tin  and  a  twice- 
smelted  slag  which  still  contains  tin  mechanically  enclosed  in  it :  it 
is  therefore  stamped  and  washed,  the  portions  rich  in  tin  being 
added  to  the  charges  in  a  subsequent  smelting  of  ore  or  slag.  Furnace 
residues,  old  bricks, &c.,  containing  tin,  are  also  stamped  and  washed.. 

At  Pitkaranta  in  Finland^  tin-stone  separated  from  copper  ores  I 
and  containing  55  to  65  per  cent,  of  tin  is  smelted  with  charcoal  in 
the  shaft  furnaces  described  above,  the  products  being  tin  which  is 
refined,  and  a  rich  slag  containing  8*33  per  cent,  of  tin  mechanically 
enclosed,  561 9  per  cent,  of  tin  as  oxide,  and  11*9  per  cent,  of  iron.j 
This  is  smelted  with  other  tin-bearing  bye-products  and  the  slag  run 
into  spherical  slag  pots,  where  the  tin  settles  out. 

At  Tras,*  ores  containing  about  70  per  cent,  of  tin  are  smelt.ed  in 
the  Chinese  draught  furnaces  described  above,  the  charge  consisting  of 
alternate  layers  of  ore  and  charcoal.  The  ore  is  moist  when  chai^nij 
so  as  to  keep  the  upper  part  of  the  furnace  cool  and  to  prevent  tht* 
loss  of  ore  by  the  draught.  The  small  quantity  of  slag  which  forms 
is  drawn  off  from  time  to  time  from  the  tin  which  collects  in  the  p.*:, 
In  24  hours  12  cwts.  of  metal  are  produced  with  a  fuel  consumptiiq 
equal  to  the  weight  of  the  ore  smelted.  Elach  furnace  is  attended  b^ 
2  to  3  men.  If  the  slag  contains  unreduced  ore  it  is  put  back  int*i 
the  furnace ;  otherwise  it  is  crushed  and  washed  after  a  sufficient 
amount  has  collected,  the  tin  particles  collected,  and  the  rest  smelted 
again  with  charcoal.  This  operation  follows,  if  possible,  immediatv.V 
after  the  smelting  of  the  ore.  The  slag  produced  is  again  crusht^l 
washed  and  smelted,  and   the   resulting   slag   sold   to   special  sla^ 

»  Tfie  Min.  Ind.,  1896,  p.  543.  «  Ibid.,  p   546. 
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smelters.     The  tin  content  of  the  slags  from  the  ore-smelting  is  given 
by  Louis  as  SO  per  cent. 

In  the  Chinese  blast  furnaces  at  Dreda,^  1250  to  1670  lbs.  of  ore 
are  worked  oflF  every  24  hours  with  a  fuel  consumption  of  600  to  750 
lbs.  of  charcoal  and  an  output  of  800  to  960  lbs.  of  tin. 

In  the  Ferak  district  of  the  Malay  Peninsula,  the  output  of  tin  in 
the  newer  furnaces  figured  above  is  26  cwts.  in  12  hours,  the  same 
weight  of  fuel  being  used.  The  slag  is  crushed  and  washed,  the  tin 
recovered  in  this  way  is  re-melted,  and  the  slag  is  smelted  with  charcoal 
in  shaffc  furnaces,  yielding  thereby  tin  and  another  slag  which  is 
similarly  treated.  The  third  slag  obtained  in  this  way  is  sold  to  slag 
smelters,  who  smelt  it  again  and  crush  and  wash  the  slag  produced 
from  this  operation  in  order  to  win  the  mechanically  enclosed 
metal.     The  washed  slag  is  oftentimes  re-smelted. 

According  to  Louis  ^  the  average  yield  of  tin  in  the  Malay 
Peninsula  is  65  per  cent,  of  the  weight  of  the  ore,  so  that  as  the  ores 
average  69  per  cent,  of  tin,  the  loss  of  metal  may  be  placed  at  6  per 
cent.     The  crude  tin  is  refined  in  Singapore  and  Penang. 

In  Banca  the  ore  is  first  dressed  and  then  smelted  in  the  three- 
tuyered  furnace,  9  feet  3  inches  high,  described  above.  The  smelting 
continues  during  12  to  16  hours,  being  discontinued  in  the  daytime  on 
account  of  the  excessive  heat.  In  the  12  to  16  hours  3  to  4  tons  of 
ore  are  treated,  for  which  30  to  38  cwts.  of  wood  charcoal  are 
required.     The  following  may  be  quoted   as  the  results  of  several 

nights'  work': — 

Tabulated  Results. 


^ight. 


I  Char. 

Ore  smelted.      |    coal 

need. 


T  hn     1  Moisture.     ,  , 
*"**•    '  Per  cent.      *^^- 


4342 
4322 


11      !  3492 
1  1      I  3492 


3411 
3492 


Tin  obtained. 


Blocks.     Lbs. 


Tin      , 
per  cent.  I 
of  dry 
ore. 


66    I  4644      507    i 
72       4975  '    56  1 


59       4097      60  1 
58     I  4140      60-5 


58  4142      60-3 

59  I  4262      61-9 


>   The  Min.  Ind.,  1896,  p.  549.  «  Ibid.,  p.  550. 

*  Commnnication  by  Herr  Neeb,  from  the  Jaxirhoek  v.  h.  Mijmoesen  in  Ntder- 
tandsch  Oost  Indie,  1878,  part  ii.,  pp.  29-99. 
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The  smelting  of  slags  and  residues  containing  tin  follows 
immediately  after  the  ore  smelting.  The  tin  produced  in  Vlaanderen's 
furnace  is  less  pure  than  that  from  the  Chinese  furnaces  and  needs 
refining. 

The  slags  obtained  in  the  above  smelting  of  ore  are  subjected, 
immediately  after  the  ore  smelting,  to  a  repeated  smelting  in  the 
same  furnace;  a  great  part  of  the  tin  contained  in  them  is  thus 
extracted. 

THE   EXTRACTION   OF   TIN   FROM   THE   INTERMEDIATE   PRODUCTS   AND 
DROSSES  OBTAINED   IN   THE  TREATMENT  OF   TIN   ORE. 

In  the  production  of  crude  tin  from  tin  ore  the  following  interme- 
diate products  and  drosses  are  obtained,  viz. : — slag  containing 
tin,  hardhead,  and  the  scum  formed  on  the  surface  of  the  bath  of 
metal  in  the  tapping  pot  after  the  tin  has  flowed  firom  the  furnace : 
also  flue  dust  and  furnace  refuse  {e.g,  old  bricks,  &c.,  which  carry  tinX 

The  Slags,  which  are  described  in  more  detail  on  p.  522,  require, 
as  described  above,  further  treatment  in  shaft  furnaces,  this  treatment 
being  called  Schlackenverdndem  or  Schlackentreiben,  If  they  contain 
much  enclosed  metal,  they  are  crushed  and  washed.  The  slags  irom  the 
first  treatment  are  dressed  when  worth  it,  and  either  smelted  again  or 
added  to  ore  or  other  slag  smelting  charges.  The  tin  recovered  from 
the  slags  (Schlackenzinn  or  slag-tin)  is  at  least  as  pure  as  that  from 
the  ores. 

The  first  smelting  of  slag  (Verdndem)  takes  place  usually 
immediately  after  the  ore  smelting,  and  in  the  same  fiimace.  The 
smelting  of  the  slag  obtained  from  the  first  smelting,  the  so-called 
TreibeUy  is  performed  in  the  same  furnace  immediately  on  the  con- 
clusion of  the  first  smelting,  or  in  special  shaft  furnaces,  known  as 
Treibofen.  The  slag  from  the  Treiben  is  either  thrown  away,  or  if 
sufficiently  rich  in  tin,  submitted  to  a  dressing  process.  These 
furnaces  in  Saxony  and  Bohemia  are  Spurofen,  and  are  of  less  height 
than  the  ore  furnaces,  in  order  to  prevent  as  far  as  practicable  th».' 
reduction  of  iron.  Those  in  Saxony  are  5  feet  6  inches  high,  and 
have  a  depth  {i,e.  from  back  to  front)  at  the  top  of  2  feet  10  inches. 
and  at  the  bottom  of  2  feet  4  inches.  The  cross-section  of  the  cavit v 
is  trapezoidal  in  shape,  the  front  and  back  walls  being  parallel.  At 
the  mouth,  the  front  is  1  foot  6  inches  wide,  and  the  back  2  feet  o 
inches :  at  the  bottom  of  the  cavity  the  front  is  1  foot  3  inches,  antl 
the  back  1  foot  7  inches  in  width. 

Other  residues  and  drosses  from  the  treatment  of  tin  ore  and 
from  the  refining  are  added  to  the  sla^  when  the  latter  are  smelt^ 
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A  higher  pressure  of  blast  is  used  in  smelting  slag  than  in  smelting 
ore. 

The  so-called  hardhead,  the  tin-iron  alloy  referred  to  above,  is 
obtained  in  slag  smelting  in  addition  to  slag  and  tin. 

The  composition  of  a  slag  produced  by  slag  smelting  at  Schlaggen- 
wald  in  Bohemia,  is  given  in  the  following  analysis  by  LilP  : — 

SiOg 2406  per  cent. 

WO3 

SnO^  .        .... 

FeO  

MnO 

AlA 

CaO      

MgO         


2403 

10-41 

20-76 

5-64 

9-00 

3-50 

>l             It 

037 

»             » 

97-76 

Berthier  gives  the  following  as  the  composition  of 
second  slag  smelting  at  Altenwald  in  Saxony : — 

SiOj 27-5  per  cent. 


a  slag  from  the 


SnOj 

WO3 

FeO 

MnO 

CaO 

MgO 


6-3 
3-0 
48-2 
1-5 
3-4 
1-6 
8-5 


100-0 


In  Banca  the  slag  produced  by  smelting  ore  is  smelted  with 
dross  in  the  above  described  Van  Vlaanderen's  furnaces  immediately 
after  the  conclusion  of  the  ore  smelting ;  for  example,  there  would  be 
smelted  in  two  furnaces  of  that  type  in  12  hours* : — 

186  lbs.  dry  tin  refuse. 
2077    „    damp  tin  refuse  containing  5*51  per  cent  of  moisture. 
12552   „    stamped  slag  „  6-51        ,,  „ 

7724    „    coarse        „  „  3-44        „  „ 

These  would  consume  7060  lbs.  of  charcoal  and  would  yield 
78  blocks  of  tin  weighing  5475  lbs. 

The  slag  obtained  from  this  first  slag  smelting  would  be  again 
'    Jahrb.  der  K.  K.  Berg-Academie,  vol.  xiii.,  p.  64.  '  Neeb,  loc.  eit. 
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smelted  in  the  same  furnace  with  refuse,  producing  tin  and  a  third 
slag.     The  charge  would  be  : — 

7  lbs.  dry  tin  dross. 

96    ,y    damp  tin  dross  containing    1  -79  per  cent,  of  moisture. 
1146    „       „      fine  slag  „        2035 

1089    ,1       y,     coarse  slag        .,  2 '6  ,,  ,, 

This  would  yield  236  lbs.  of  tin. 

The  third  slag  obtained  from  the  above  treatment  would  yet  again 
be  smelted  for  the  extraction  of  its  tin : — 

9  lbs.  dry  tin  dross. 
65    ,,    damp  tin  dross. 
418    ,,    fine  slag  containing  6 '25  per  cent,  of  moisture. 
680    ,,    coarse  slag    ,,  9'0  „  ,, 

which  would  yield  486  lbs.  of  tin. 

The  fourth  slag  resulting  from  this  last  treatment  would  be 
stamped  and  concentrated  by  washing,  the  concentrated  slag 
being  smelted  in  smaller  furnaces  with  tin  drosses  and  richer 
concentrated  slags  from  earlier  smeltings.  The  fifth  slag  resulting 
from  the  above  process  would  be  again  smelted  after  being  stamped 
and  concentrated.  The  sixth  and  last  slag  thus  obtained  would  be 
thrown  away  even  though  it  were  not  quite  free  from  tin.  The 
treatment  of  shaft  furnace  slags  in  the  Malay  Peninsula  is  continued 
as  described  above,  until  the  tin  content  is  brought  down  to  2 
per  cent. 

Hardhead,  the  tin-iron  alloy  which  is  formed  in  the  smelting  of 
both  ore  and  slag,  has  already  been  mentioned  at  page  478.  This  is 
added  in  the  process  of  slag  smelting,  especially  in  the  Treiben 
process ;  it  is  usually  heated  strongly  with  charcoal  and  suddenly 
quenched  before  smelting. 

SkimmingSy  formed  during  the  pouring  of  tin,  are  added  during 
the  smelting  of  ore  or  slag. 

The  ditst  and  furnace  refttse  are  also  smelted  with  slag ;  they  are 
usually  put  through  a  process  of  washing  before  being  smelted. 


6.  The  Reduction  of  Tin  Ore  in  Beverheratory  Furnaces, 

Reverberatory  furnaces  are  or  have  been  used  for  the  smelting  of 
tin  ore  in  England,  Australia,  France,  Spain,  Germany,  Mexico. 
California,  and  in  the  Malay  Peninsula  and  in  the  island  Pulo  Biuni. 

The  furnace  consists  of  an  elliptical  bed,  from  4  feet  6  inches  ti» 
12  feet  in  length,  and  from  3  feet  3  inches  to  8  feet  in  greatest 
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width.     The  bed  is  made  of  fire-clay,  sand  or  fire  bricks.     In  recent 
times  the  smaller  furnaces  have  given  place  to  larger  ones. 

The  construction  of  a  small  furnace,  with  a  bed  4  feet  6  inches 
in  length,  and  3  feet  3  inches  in  width,  is  shown  in  Figs.  409  and  410 ; 
e  is  the  bed,  b  the  working  door  at  which  the  ore  is  charged,  o  the 


Fia.  409. 


Fig.  410. 


working  door  at  which  the  slag  is  drawn.  The  bed  is  supported  by 
a  grid  of  iron  bars,  under  which  is  the  vault  A,  which  serves 
to  keep  the  bed  cool :  d  is  the  fire-grate  with  the  fire-door,  c ;  ^^  is 
the  fire-bridge,  through  which  a  channel  is  built  to  keep  it  cool ;  /  is 
the  opening  by  which  the  flame  leaves  the  furnace ;  n  is  the  flue  and 
m  the  chimney  ;  i  is  a  subsidiary  stack  connected  with  the  fireplace 
by  the  opening,  a,  in  the  roof,  into  which  the  products  of  combustion 
are  led  while  the  furnace  is  being  charged,  in  order  to  prevent  the 


510 


METALLURGY 


fine  ore  being  drawn  into  the  chimney ;  k  is  the  taphole,  which  is 
connected  on  the  outside  of  the  furnace  with  the  kettles,  /,  /,  for 
receiving  the  metal. 

The  construction  of  a  larger  furnace  is  shown  in  Figs.  411  and 
412 ;  the  bed  of  this  one  is  12  feet  in  length  and  8  feet  in  width. 


^^^;^_ 


Fio.  411. 


FiO.  412. 


A  is  the  bed,  B  the  charging-door,  E  the  door  for  drawing  the  slag, 
G  the  fire-grate  with  fire-door  D,  G  is  the  kettle  or  float  for  n?- 
ceiving  the  tin,  and  -ff  is  a  cast-iron  kettle,  heated  by  a  separ^tt 
fire  underneath,  which  serves  to  receive  the  metal  when  the  cruA 
tin  is  refined  by  liquation  in  the  same  furnace ;  it  is  also  used  to 
contain  the  liquated  metal  while  it  is  being  boiled,     N  is  the  stack. 
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built  and  bound  in  with  the  furnace,  and  connected  with  it  by  an 
inclined  flue.  The  kettle  for  receiving  the  metal  when  the  furnace 
is  tapped  is  lined  with  fire-clay.  The  arrangement  of  a  furnace  used 
ID  Lancashire^  is  shown  in  Figs.  413  to  415,  Fig.  413  representing 
a  longitudinal  section  of  the  furnace,  Fig.  414  the  plan,  and  415  a 
section  along  the  line  AB  in  Fig.  414.  The  bedrests  on  cast-iron 
pillars,  and  is  14  feet  6  inches  long  by  9  feet  3  inches  extreme 
breadth. 

The  latest  Cornish  furnace^  with  bed  14  feet  4  inches  to  18  feet 
long  and  8  feet  to  12  feet  wide,  is  shown  in  Figs.  416  to  41 9.^     Fig. 
416  represents  a  section   along   CD  of  Fig.   418;    Fig.  418   the 
longitudinal  section  through  the  middle  of  the  furnace;  Fig.  419 
the  section  along  AB  of  Fig.  416  ;  and  Fig.  417  a  section  through  the 
grate.    The  bed  and  the  hollow  fire-bridge  are  supported  on  iron  bars, 
so  that  they  can  be  cooled  by  the  circulation  of  air  beneath  them. 
Air-holes  in  the  side  walls  of  the  cavity  enable  this  circulation  to 
take  place.     On  the  iron  bars  rest  slabs  of  slate  or,  less  frequently, 
tiles  of  fire-clay,  upon  these  a  layer  of  clay  6  to  8  inches  thick,  and 
above  all  the  bed  proper.     This  is  made  of  fire-brick  and  lasts  about 
three  months.     A  sloping  floor  of  fire-brick  under  the  hearth  serves  to 
collect  the  tin  which  percolates  through  the  bed  and  convey  it  to  an 
iron  collecting  pot  K.      The  bed  slopes  from  the  short  sides  towards 
the  middle,  and  then  towards  the  tap-hole,  which  is  placed  at  the 
front  of  the  furnace  in  one  of  the  longer  sides.     The  tapping  pot 
stands  in  front  of  the  tap-hole,  and  the  refining  pot  is  at  the  side. 
Opposite  to  the  tap-hole  is  the  charging  door,  and  the  working  doors 
are  opposite  to  the  grate.     There  is  a  clinker  bed  in  the  grate  upon 
which  coal  is  spread  until  it  reaches  the  upper  end  of  the  fire-bridge. 
Each  furnace  has  its  own  stack,  which  is  about  50  feet  high.     In  the 
figures,  A  represents  the  furnace  arch  made  of  fire-brick,  B  an  air- 
hole for  cooling  the  bed  from  below,  G  an  air-hole  for  cooling  the 
neighbourhood  of  the  fire-grate,  E  the  charging  openings  for  fuel,  F 
the  same  for  the  charge,  G  are  openings  for  the  removal  of  solid 
bodies  from  the  bed,  H  the  working  doors,  K  the  pot  for  collecting 
tin   escaped    from    the  bed,  L  the  cast-iron    refining  pot,  Q   the 
tapping  pot,  and  R  the  floor  for  gathering  tin  which  may  run  through 
the  bed.     The  charge  is  from  2^  to  3  tons. 

At  Villeder  in  France  a  furnace  has  the  following  dimensions  :  — 
length  of  bed  11  feet,  greatest  breadth  6  feet  6  inches,  and  height  of 
arch  above  bed  1  foot.     The  charge  is  1^  tons  of  ore.     At  the  Mount 

1  The  Mm,  Ind.,  1896,  p.  575.  «  Ibid.  p.  566. 
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Bischoft  works,  Launceston,  Tasmania,  the  beds  are  13  feet  3  inches 
long  and  9  feet  6  inches  wide ;  the  charge  is  2*5  tons  of  ore.^     At  the 


Fia.  416. 
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Fio.  417. 

ent  Hill  works,  New  South  Wales,  the  hearths  are  14  feet  to  16 
et  long  and  6  feet  to  8  feet  wide,  the  fire-bridge  is  1  foot  high  and 
le  chimneys  48  to  58  feet  high ;  the  charge  of  ore  is  3  tons. 

^  The  Miiu  Ind.,  1898,  p.  649. 
VOL..    II  L   L 
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On  the  island  of  Pulo  Brani,  which  lies  west  of  Singapore,  there 
are  14  furnaces  working,  each  of  which  takes  a  charge  of  4  tons.  S<| 
far  as  construction  is  concerned  they  are  the  most  modem  of  tiq 


Fio.  418. 


Fig.  419. 


smelting  furnaces.     They  are  represented  in  Figs.  420  to  42G.^     Fi 
420  shows  in  the  left  half  the  view  of  the  back  end  of  the  fumacf . 

^  McKillopand  Ellis.  Tin  Smelting  at  Pulo  Brani.  Excerpt  from  •*  The  Mii  t 
of  the  Proc.  Inst.  Civ.  Emj.,''  1895  and  1896.  Part  ill.  "  The  MetaUurgy  of  Tr 
by  Henry  Louis.     The  Min.  IiuL,  1896,  p.  5.S3. 
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fie  right  half  the  front  end ;  Fig.  421  is  the  side  view,  Fig.  422  is 
he  horizontal  section  along  A  A  and  BBot  Fig.  423;  Fig.  423  is  the 
^ngitudinal  section  through  the  middle  of  the  furnace ;  Fig.  424  in 
le  left  half  is  a  cross  section  along  DD  of  Fig.  423,  and  in  the  right 
alf  along  CC  of  the  same  figure ;  Fig.  425  shows  the  plan  of  the 
imace  top,  and  Fig.  426  a  section  along  JS'£  of  Fig.  423.     Under  the 


Fio.  420. 


Fio.  421. 


1  of  the  furnace  is  a  vault  containing  water  about  8  feet  deep,  into 
ch  the  tin  whicjj  passes  through  the  bed  drops  and  is  granulated. 
t.h  this  depth  of  water  no  explosions  take  place.  The  water  is 
aped  out  once  a  week  in  order  that  the  granulations  may  be 
ected.  The  steam  which  is  generated  in  this  chamber  escapes 
>ueh  two  bent  pipes  1  foot  6  inches  in  diameter  placed  at  the  stack- 

L  L  2 
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end  of  the  furnace.  The  hearth  is. built  of  firebrick  and  slopes  from 
all  sides  to  the  tap-hole,  which  is  placed  at  the  long  front  side  of  the 
furnace.  The  length  of  the  bed  is  16  feet,  the  greatest  breadth  9 
feet  9  inches,  and  the  breadth  at  the  fire-bridge  6  feet.      It  rests  on 


Fio.  422 
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iron  rails  laid  parallel  to  the  short  sides  of  the  furnace.  At  one  en 
these  rails  rest  in  the  long  side  walls,  at  the  other  end  they  ar^  su| 
ported  on  a  long  rail  cut  into  halves,  each  half  resting  at  one  end  i 
the  furnace  wall,  and  at  the  other  end  on  a  pillar  in  the  middle  ofth 
furnace.     When  the  bed,  which  lasts  out  120  to  150  charges  of 
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>ns  each  of  ore,  needs  renewing,  this  pillar  is  withdrawn  so  that  the 
2d  and  its  support  fall  together.  The  fire-bridge,  which  is  6  inches 
X)ve  the  bed,  is  hollow  and  rests  likewise  on  rails ;  its  upper  edge  is 
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Fig.  424. 


Flo.  425. 


eet  4  inches  above  the  fire-grate.  The  size^  of  the  grate  depends 
the  nature  of  the  fuel  and  varies  between  4  feet  by  6  feet  and  4 
b  4  inches  by  6  feet  9  inches.     The  coal  is  charged  in  through  two 
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openings  on  to  the  grate,  the  charge  proper  through  two  doors  in  the 
back  wall  of  the  furnace.  The  working  doors  are  on  the  fore-side  of 
the  furnace. 

The  process  is  generally  carried  out  as  follows : — 
The  ore  before  it  is  charged  into  the  furnace  is  mixed  with  nun- 
caking  coal  or  anthracite,  as  low  as  possible  in  ash,  and  sometimes 
with  a  small  quantity  of  lime  or  fluorspar  to  flux  the  constituents  (►! 
the  ash  of  the  coal.  The  mixture  is  wetted  to  prevent  the  dust  being 
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carried  away  during  charging,  and  thrown  on  the  bed  through  tlj 
charging  door,  after  which  it  is  levelled  from  both  working  doors,  i 
The  normal  working  of  a  charge  is  as  follows: — First,  a 
doors  being  shut,  a  gradually  increasing  fire  is  applied.  After  a  tiii 
the  fused  mass  is  thoroughly  stirred,  this  being  done  through  the  sli 
door,  the  position  of  which  under  the  chimney  prevents  the  stream 
air  which  rushes  in  from  coming  in  contact  with,  and  oxidising,  il 
tin.  After  this  a  strong  heat  is  applied  for  a  further  period,  and  ti 
charge  is  again  stirred.  The  reduction  of  the  tin,  as  well  as  i 
separation  from  the  slag,  should  now  be  complete.  The  slag  is  ih: 
either  skimmed  off  from  the  metal  through  the  slag  door,  after  Uii 
stiffened  by  the  addition  of  fine  coal,  and  the  tin  is  run  out  with 
small  quantity  of  slag;  or  else  both  slag  and  metal  are  tapp 
together.  In  the  latter  case  the  slag  is  allowed  to  "  set  "  on  toj> 
the  metal  in  the  pot,  and  then  lifted  off".  The  tin  is  now  either  ai 
into  ingots  or  passed  on  in  the  liquid  state  to  be  refined.     A  sjK^Ui 
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miis.s  of  slag  frequently  remains  on  the  bed  after  tapping  :  this  retains 
nu,*chanically  a  considerable  quantity  of  tin  prill ;  it  is  drawn  through 
the  slag  door,  after  which  the  furnace  is  again  charged. 

The  whole  process  lasts  from  6  to  12  hours  according  to  the  size 
of  the  charge  and  the  quality  of  the  ore  and  fuel. 

The  reduction  of  the  tin-stone  is  brought  about  by  the  carbon- 
accH>us  matter  of  the  coal  or  charcoal  added.  The  gangue  and  the 
coal  ash  form  a  slag,  the  formation  of  which  is  sometimes  promoted 
by  the  addition  of  lime  or  fluorspar. 

The  products  of  this  process  are  tin  and  slag.  The  tin,  if 
d^^rived  from  a  pure  ore,  will  be  at  once  taken  in  the  fluid  state  to  be 
refined  either  in  the  boiling  kettle  or  in  a  special  refining  fuma<3e  ;  if 
it  he  impure  it  will  be  cast  into  ingots  and  subjected  to  liquation. 
The  slags  are  silicates  of  tin  and  of  the  other  metallic  oxides  con- 
tained in  the  ore;  they  also  contain  tungstic  acid  if  wolfram  be 
present  in  the  ore.  Their  constitution  varies;  in  most  cases  they  are 
mixtures  of  mono-  and  bi-silicates,  and  contain  mechanically  enclosed 
prill  as  well  as  oxide  of  tin. 

The  following  analysis  gives  the  composition  of  ore  slag  examined 
hy  Berthier;  it  had  been  run  in  a  reverberatory  furnace  at 
Poullaouen,  in  France,  from  an  ore  from  Piriac,  and  dressed  tin 
rjross  : — 

Si02 400  per  cent. 


SnOg 

FeO 

MnO 

CaO 

MgO 

AlA 


8-4 
20-3 
111 
3-6 
10 
9-6 

940 


A  slag  from    Pulo  Brani  contained,  in  addition  to  magnesium, 
nicium,  titanium,  and  manganese: — 

Tin 85  per  cent. 

Silica 15         „ 

Aluminium 18         „ 

Iron 9         „ 


In    Cornwall    three    sorts   of    slags    are    usually  distinguished 


iz. 


(1)   Poor  slags  which  can  be  thrown  away.     (2)  Richer  slags  con- 
aining    mechanically  enclosed  prill,  from  which  the  richer  portions 


520  METALLURGY 

can  be  separated  by  a  dressing  process,  to  be  afterwards  smelted  up 
with  tin  produced  by  smelting  slag :  and  (3)  the  slag  remaining  on  the 
bed  after  tapping,  which  contains  a  large  quantity  of  prill ;  this  can 
be  treated  by  smelting  it  with  tin  ore  or  with  the  rich  product 
obtained  by  dressing  the  above  mentioned  second  kind. 

At  Penzance  the  charges  of  ore  in  the  modem  furnaces  describf<i 
above  are  2  and  3  tons,  three  3-ton  charges,  and  four  2-ton  charges 
being  worked  off  in  24  hours.  The  dressed  ores  contain  62  to  65 
per  cent,  of  tin  and  5  to  6  per  cent,  of  ferric  oxide  along  with  silica 
and  other  impurities,  and  these  are  worked  along  with  Bolivian  on> 
containing  72  per  cent,  of  tin,  5  to  6  per  cent,  of  silica,  and  1  to  3 
per  cent,  of  ferric  oxide.  The  ores  are  mixed  with  15  to  20  per  cent, 
of  anthracite  (culm)  and  a  small  quantity  of  slaked  lime,  along 
with  tin-bearing  slags  and  bye-products  and  a  little  fluorspar.  Th<? 
mi\ss  is  moistened  and  introduced  in  the  furnace  still  hot  from  the 
treatment  of  the  previous  charge,  and  is  there  raked  to  cover  the  bed. 
The  doors  of  the  furnace  are  closed  and  luted  and  the  charge  strongly 
fired.  After  1  to  3  hours  the  mass  has  become  molten  and  is  then 
rabbled,  this  process  being  repeated  from  time  to  time  if  need  be. 
After  strongly  heating  from  5  to  7  hours  the  process  is  completed : 
the  whole  is  then  rabbled  and  allowed  to  stand  so  that  the  tin 
separates  from  the  slag.  The  latter  is  stiffened  if  necessary  with 
anthracite  and  removed  as  far  as  possible  through  the  working  doors 
by  means  of  hooks.  The  upper  layer  of  slag,  which  makes  up  about 
§  of  the  whole,  contains  but  little  tin  and  is  thrown  away  ;  the  lower 
layer,  containing  mechanically  enclosed  tin,  is  subjected  to  dressing. 
The  rest  of  the  slag  is  smelted  along  with  the  grains  fix)m  the  dress- 
ing operation.  As  it  is  impossible  to  withdraw  all  the  slag  from  the 
furnace,  part  is  tapped  along  with  the  tin  and  is  lifted  off  from  the 
metal  in  the  pots  after  separation  has  taken  place.  This  slag  L< 
called  glass,  and  must  be  smelted  again  for  the  recovery  of  tin.  Any 
spongy  slag  still  remaining  in  the  furnace  is  withdrawn  through  the 
working  doors.  The  tin  is  allowed  to  cool  in  the  tapping  pot,  tht 
scums  being  removed  as  formed,  and  is  poured  into  moulds.  It  i< 
then  refined.  In  24  hours  16  men  attend  four  furnaces,  4  chaiges  m 
worked  off  in  each  furnace  in  24  hours,  and  2  tons  of  fuel  are  ct>n- 
sumed  for  1  ton  of  ore.  Tho  total  loss  of  tin,  inclusive  of  the  slag  and 
bye-product  treatment,  is  given  in  Cornwall  as  9  per  cent,  of  the  tin 
content  of  the  ores. 

At  Villeder,  in  France,  where  the  furnaces  are  11  feet  in  length 
on  the  bed,  with  a  width  at  the  widest  part  of  6  feet  6  inches,  tht' 
charge  consisted  pf  1^  tons  of  ore  and  6  cwt.  of  anthracite,  and  wa> 
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smelted  in  8  hours.  In  24  hours,  6  tons  of  ore  were  worked  with  a 
consumption  of  9  tons  of  coal,  exclusive  of  the  anthracite  mixed  with 
the  charge. 

At  the  Mount  BischofF  works  in  Tasmania,  Cornish  furnaces,  13 
feet  3  inches  long  by  9  feet  6  inches  in  extreme  width,  are  in  use  for 
the  treatment  of  ores,  i  of  which  came  from  the  Mount  BischoflF 
mines ;  the  remainder  is  alluvial  ore  from  the  east  coast  of  Tasmania. 
The  local  ore  contains  65  to  72  per  cent,  of  tin  and  is  contaminated 
chiefly  by  iron,  the  alluvial  ore  contains  70  per  cent,  of  tin  and  is 
siliceous,  and  these  are  so  blended  that  the  iron  of  the  one  is  slagged 
off  by  the  silica  of  the  other.  The  charge  consists  of  2'5  tons  of  the 
ore  and  0*5  ton  of  small  coal.  This  is  charged  into  the  furnace 
through  the  two  doors,  the  bed  of  the  furnace  being  strewn  with  tin 
di"oss  and  scrap  metal.  The  doors  are  closed  and  luted  on,  the 
furnace  is  fired  strongly,  and  the  mass  is  thoroughly  rabbled  3  or  4 
times.  As  soon  as  the  well-molten  mass  has  settled,  the  tin  is 
tapped  into  the  pot,  and  the  residual  slag,  after  strongly  firing  for 
another  hour,  is  run  into  sand  moulds.  The  whole  process  lasts  8 
hours.  The  tin  in  the  tap-pots  is  allowed  to  cool  an  hour  and  is  then 
ladled  into  refining  kettles,  where  it  is  poled.  The  slags  contain  10 
to  20  per  cent  of  tin,  and  are  submitted  to  a  slag-smelting  process  to 
be  described  later.  The  fuel  consumption  per  ton  of  ore,  inclusive  of 
slag  treatment,  is  1*02  tons  of  coal.^ 

At  the  Tent  Hill  works  in  New  South  Wales,^  wood  is  the  fuel 
used  The  beds  are  14  to  16  feet  long  and  6  to  8  feet  wide,  the 
charge  consists  of  3  tons  of  ore  and  1  ton  of  moistened  charcoal,  and 
the  treatment  lasts  12  hours ;  the  tin,  after  cooling  in  the  tapping  pot, 
is  ladled  into  a  refining  pot  and  there  poled.  The  slags  are  smelted 
again. 

In  the  furnace  at  Pulo  Brani  *  described  above,  the  charge  is  4  tons 
of  ore,  made  up  according  to  the  tin  content.  With  ores  containing 
from  65  to  71  percent,  of  tin,  the  charge  averages  80  parts  by  weight 
of  ore,  10*4  of  culm,  and  2*4  of  refinery  dross;  when  the  ores  contain 
more  than  71  per  cent,  of  tin  the  charge  is  made  up  of  80  parts  of 
ore,  12  parts  of  culm,  and  24  of  refinery  dross.  If  the  coal,  which  is 
used  as  fuel,  is  of  good  quality,  the  mass  is  rabbled  after  2  to  2\ 
hours'  firing;  otherwise  it  must  be  heated  an  additional  IJ  hours. 
The  mass  is  then  fluid  at  the  fire-bridge  and  pasty  in  the  middle  of 
the  furnace.  After  the  first  rabbling,  it  is  strongly  heated  an  hour 
and  again  rabbled ;  it  is  then  quite  molten  and  free  fi:om  solid  lumps 
on  the  surface.  It  is  again  strongly  fired  and  the  tin  tapped  in  a 
'  The  Min,  Ind.,  1898,  p.  649.  ^  n^i^  i896,  p.  576.  »  Ibid.,  p.  585. 
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fine  stream  by  partly  opening  the  tap-hole.     The  tapping  takes  up 

I  hour,  after  which  the  hole  is  plugged,  a  gutter  is  placed  to  connect 
it  with  a  sand  bed,  and  the  hole  is  fully  opened,  so  that  the  slag  \ 
flows  in  full  stream  to  the  sand  bed.  A  charge  is  worked  off  in  71 
to  8  hours,  the  products  being  ore  metal  containing  99*5  per  cent,  ut 
tin,  which  after  cooling  is  run  into  moulds  and  refined,  and  a  slatj 
with  20  to  40  per  cent,  of  tin,  which  is  smelted  again.  The  fiul 
consumption  per  ton  of  ore  inclusive  of  slag-smelting  and  refining  is 
0-98  ton  of  coal 

At  the  Temescal  Mines  in  California  tin  ores  used  to  be  smelte<l 
in  Cornish  furnaces,  petroleum  being  used  as  fuel.^  The  furnaces  wen- 

II  feet  long  by  10  feet  6  inches  wide;  the  charge  consisted  of  1^ 
cwts.  of  ore,  containing  65  per  cent,  of  tin,  mixed  with  20  per  cent. 
of  its  weight  of  coal,  and  3  charges  were  put  through  in  24  hours. 
The  slags  containing  5  per  cent,  of  tin  were  crushed  and  washed. 
The  operations  have  long  been  stopped  owing  to  the  high  cost  of 
working  the  ore  deposits. 

At  the  Tostedt  works  on  LUneburg  Heath  (Kreis  Haarburg}. 
Bolivian  ores  containing  40  to  60  per  cent,  of  tin  and  10  to  30  per 
cent,  of  silica  are  roasted  and  then  emelted  in  reverberator}'  fumaeos. 
There  are  four  Cornish  fucoaces,  two  small  and  two  large  ones.  The 
former  put  through  4  to  4*3  tons  of  ore  in  24  hours,  the  larger  6  t" 
6*6  tons.  The  ore  is  charged  in  with  ]  5  to  20  per  cont.  of  finely  ground 
anthracite,  and  with  50  per  cent,  more  lime  than  is  needful  to  slag  off 
the  silica.  Each  charge  requires  8  to  10  hours'  treatment  in  the 
furnace ;  the  fuel  used  is  50  per  cent,  of  the  charge  for  the  larg^ 
furnaces  and  somewhat  more  for  the  small  ones.  Two  men  per  shitt 
attend  the  small  and  three  men  the  large  furnaces.  The  hearth  is  made 
of  sand  and  lasts  a  month.  The  tin  is  tapped  into  a  cast-iron  pot 
and  is  then  liquated  and  poled ;  the  slags  are  run  into  a  sand  M- 
They  contain  20  to  25  per  cent,  of  tin,  and  are  submitted  t« 
further  smelting  operations. 

The  Treatment  of  Intermediate  Products  and  Dross  obtained   by  th< 
Reduction  of  Tinstone  in  Reverberator]/  Furnaces 

The  bodies  included  under  this  head  are  slags,  hanlhead. 
skimmings,  and  furnace  accretions. 

I'he  Slags  contain  tin  as  silicate  and  in  the  metallic  stati 
mechanically  enclosed  as  prill.  These  afe  treated  in  the  dry  wj»y 
except  at  Tostedt,  where  wet  methods  have  also  been  employi'*!- 
1  The  Mill.  Ind.,  1896,  p.  687. 
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fThese  will  be  described  in  a  later  chapter  on  the  extraction  of  tin  in 
the  wet  way.)  For  the  recovery  of  tin  from  slags  containing  it  as 
silicate  two  methods  are  employed,  viz.,  the  reduction  and  the 
precipitation  methods. 

The  redtidion  method  consists  in  smelting  the  slags  in  reverbera- 
tory  furnaces  with  coal  and  a  stronger  base  than  tin  oxide,  so  that 
thus  base  (usually  lime)  replaces  the  oxide  of  tin  and  the  latter  is 
reduced  to  metallic  tin. 

The  predpitcUion  method  consists  in  smelting  the  slags  with  iron, 
which  decomposes  the  silicate  of  tin,  forming  tin  and  ferrous  silicate. 
The  iron  is  used  in  the  form  of  scrap,  or  alloyed  with  tin  as  hardhead. 
Tin  oxide  mechanically  enclosed  in  the  slag  is  reduced  by  coal.  As 
slags  always  contain  tin  oxide  in  this  condition,  and  as,  furthermore, 
dross  containing  the  oxide  is  added  to  the  smelting  charge,  coal  must 
always  be  added  in  the  precipitation  method.  The  metal  present  as 
prill  is  either  recovered  by  grinding  and  washing  the  slags  or  by 
fusing  them  and  allowing  the  tin  to  settle  out.  Slags  containing  less 
than  5  per  cent,  of  tin  are  generally  thrown  away  in  Cornwall.  The 
reverberatory  furnaces  used  in  slag  smelting  are  the  same  as  those 
used  in  smelting  the  ore  ;  sometimes  shaft  furnaces  are  employed. 

In  Cornwall  the  first  slags  (about  §  of  the  whole)  drawn  from  the 
surface  of  the  metal  in  the  ore  reduction  are  thrown  away  ;  the 
following  layers  which  contain  grains  of  tin  are  crushed  and  washed 
to  recover  the  tin,  and  the  residual  slag,  along  with  the  slag  from  the 
tapping  pots  and  the  tin  recovered  by  washing,  is  mixed  with  coal 
and  lime  and  treated  by  the  reduction  method.  Refinery  dross  and 
other  intermediate  tin-bearing  products  are  also  added  to  the  charge 
to  be  smelted.  The  products  are  tin,  which  is  refined,  and  slag,  which 
is  added  to  slag  smelting  charges  or  is  smelted  by  itself,  unless  it 
contains  under  5  per  cent,  of  tin,  in  which  case  it  is  thrown  away. 

At  Pulo  Brani  the  slags  from  the  ore-smelting  contain  from  20  to 
40  per  cent,  of  tin ;  they  are  treated  by  the  precipitation  method  in 
reverberatory  furnaces  of  the  same  construction  as  those  used  in 
smelting  ores,  the  operation  generally  following  immediately  upon 
the  ore-smelting  as  with  the  increased  heat  required  in  the  treatment 
<»f  slags  cracks  in  the  bed  are  readily  filled  with  slag.  The  slags  to  be 
smelted  are  mixed  with  scrap-iron,  limestone,  refinery  dross,  and 
anthracite,  the  best  mixture  containing  30  parts  by  weight  of  slag, 
12  of  dross,  2'75  of  iron,  2*4  of  limestone  (coralline),  and  6  of  culm. 
The  charge  weighs-  4  tons.  After  melting  down  it  is  well  rabbled, 
heated  strongly  an  hour  and  tapped,  the  tin  into  a  tapping  pot,  the 
slag  into  moulds.     The  whole  process  of  smelting  lasts  7  hours,  and 
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the  products  are  "  rough  metal "  containing  955  per  cent,  of  tin,  and 
"  poor  slag "  which  contains  at  least  2*5  per  cent,  of  tin  as  silicate 
and  up  to  10  per  cent,  as  prill.  The  silica  content  averages  60  per 
cent.  The  prills  are  only  found  in  the  layers  immediately  above 
the  tin ;  these  constitute  J  of  the  whole  slag.  The  rest  of  the  slag 
is  tested  for  prills,  and  if  absent,  it  is  thrown  away.  To  prevent  the 
formation  of  hardhead  the  rough  metal  is  run  from  the  tapping  pot 
into  moulds  and  kept  stirred  with  an  iron  rod  so  long  as  it  remaios 
liquid.  This  end  may  also  be  attained  by  granulating  the  metal. 
The  crude  metal  is  liquated  and  then  refined.  The  slag  containing 
prills  is  crushed  and  washed,  but  as  the  grains  of  tin  are  brittle  owing 
to  impurities  and  are  thus  easily  washed  away  in  a  finely  divided 
condition,  it  is  preferable  to  smelt  the  slag  in  a  reverberatory  furnace 
with  lime  and  anthracite,  as  is  done  at  Pulo  Brani.  The  efiFect  of 
this  is  to  combine  the  separate  grains  into  one  mass,  which  collects 
on  the  bed  of  the  furnace,  and  to  reduce  the  tin  present  as  silicate  by 
the  coal  which  is  added. 

The  charge  consists  of  40  parts  by  weight  of  slag,  2*5  of  limestone, 
and  2'5  of  culm.  If  the  slag  is  free  from  silicate,  limestone  and  coal 
need  not  be  added.  The  weight  of  the  charge  is  4  tons.  It  is 
rabbled  from  time  to  time,  first  after  2  hours'  heating,  and  then  again 
after  another  hour,  the  whole  process  lasting  5  to  6  hours.  The 
metal  is  allowed  to  collect  on  the  bottom  of  the  furnace  bed  and  is 
tapped  thrice  a  week  into  sand  moulds.  It  contains  80*5  per  cent  of 
tin  and  19*5  per  cent,  of  iron,  and  is  submitted  to  repeated  refining. 
The  tin  obtained  in  Pulo  Brani  from  100  parts  by  weight  of  charge 
is  distributed  as  follows  among  the  various  products  : — ore  metal  from 
the  smelting  of  the  ores  58  parts,  containing  57*7  parts  of  tin;  rough 
metal  fi-om  the  first  slags  9  parts,  containing  8*6  of  tin ;  metal  from 
the  smelting  of  the  poor  slags  2  parts,  containing  1*6  of  tin,i.€.,al  together 
67*9  parts  by  weight.  The  worthless  slags  constitute  27  per  cent,  of 
the  weight  of  tinstone  and  contain  5  per  cent,  of  tin ;  the  consumption 
of  iron  is  4*7  per  cent.,  that  of  culm  27  per  cent,  of  tin  produced.  If 
the  ores  contain  70  per  cent,  of  tin,  the  loss  by  slagging  off  is 
calculated  at  2  per  cent.  only.  The  consumption  of  coal  is  0*98  ton 
per  ton  of  ore.* 

At  the  Australian  works  ^  the  slags  fix)m  the  ore  smelting  are  also 
smelted  with  additions  of  iron.     At  the  Tostedt  works,  slags  fix)m  the 

1  **The  Metallurgy  of  Tm."  H.  Louis.  The  Min,  hid.,  1896,  p.  583.  The 
smelting  at  Pulo  Brani,  McKillop  and  Ellis  in  Excerpt,  Minut«s  of  PrtK.  InM,  Cir. 
Eng.,  1895  and  1896.     Part  iii. 

»  The  Min.  Ind.,  1896,  p.  576 ;  1898,  p.  649.  . 
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ore-smelting  containing  20  to  25  per  cent,  of  tin  are  smelted  in  the 
reverberatories  described  above  with  6  to  8  per  cent,  of  hardhead  (the 
tin-iron  alloy  left  on  liquating  tin).  The  products  are  tin  and  slag.  The 
latter  is  mixed  with  6  to  10  per  cent,  of  hardhead  and  15  to  18  per 
cent  of  coke,  and  smelted  in  3-tuyered  shaft  furnaces  30  feet  high 
and  7  feet  in  diameter  at  the  boshes,  20  to  24  tons  of  slag  being  put 
through  in  24  hours.  Tin  and  slag  are  thus  obtained,  and  the  slag 
is  smelted  once  or  twice  again  in  the  shaft  furnace.  The  clean  slags 
contain  less  than  5  per  cent,  of  tin. 

Hardhead,  dross,  flue-dust,  furnace  accretions,  and  broken  furnace 
beds  are  smelted  along  with  the  slags. 


I.  B.  The  Refining  of  Tin 

The  tin  obtained  by  the  processes  described  above,  known  as 
crude  or  raw  tin,  is  usually  impure  and  carries  diflFerent  metals,  e.g., 
iron,  copper,  lead,  antimony,  and  arsenic,  which  deteriorate  it.  It 
therefore  requires  to  be  freed  from  these  impurities  by  a  process  of 
purification,  the  so-called  refining.  This  purification  consists  of  either 
a  liquation  of  the  tin  or  a  liquation  followed  by  boiling  or  tossing. 
In  the  case  of  a  very  pure  tin,  it  is  only  boiled  or  melted  and  allowed 
to  stand. 

In  the  liquation  the  pure  tin  is  melted  out,  while  the  impurities 
which  are  less  fusible  than  the  tin  remain  behind  in  the  form  of 
alloys,  known  as  liqvMion-dross.  In  boiling  and  tossing  each  portion 
of  the  melted  metal  is  brought  into  contact  with  the  air  and  the  more 
easily  oxidisable  metals  thereby  separated  as  oxides.  When  tin  is 
re-melted  and  allowed  to  stand,  the  impurities  separate  out  partly  at 
the  surface  in  the  form  of  dross,  and  partly  sink  alloyed  with  tin  to 
the  bottom  of  the  pot. 

a.  The  Liquation  of  Tin  (Pauschen) 

The  liquation  Q'  Pauschen"),  or  flowing  ("  Flossen*'),  of  tin  is 
done  in  hearths,  pans,  and  reverberatories.  Liquation  hearths  are 
used  in  Saxony,  Bohemia  and  Billiton.  In  Saxony  and  Bohemia 
the  liquation  is  done  immediately  after  the  metal  has  been  tapped 
from  the  fore-hearth  into  the  tapping  pot,  the  so-called  liquation 
hearth  being  used  for  the  purpose.  This  is  an  inclined  plate  of  cast- 
iron  with  ridges  on  it,  covered  with  clay ;  it  is  3  feet  7  inches  long  and 
2  feet  4  inches  broad,  resting  on  masonry,  with  a  cast-iron  pot  placed 
at  its  lower  end.     The  slope  of  the  plate  is  1  in  7  to  1  in  10  and  it 
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is  placed  at  the  front  end  side  of  the  shaft  ftjmace  near  U^ 
the  tapping  pot  as  shown  in  Fig.  427 ;  e  is  the  hearth  of  the  shaft 
furnace,  g  the  forehearth,  h  the  tapping  pot,  v  the  liquation  hearth, 
and  z  the  pot  for  the  reception  of  the  liquated  tin.  When  in  use, 
this  plate  is  covered  with  a  layer  of  glowing  charcoal,  and  the  tin  h 
taken  from  the  tapping-pot  with  a  ladle  and  poured  over  it; 
the  less  fusible  alloys  remain  behind  while  the  purer  metil 
runs  off  the  inclined  plate  and  collects  in  the  pot  at  its  lower 
end,  this  being  also  filled  with  burning  charcoal.  It  is  again  ladled 
out  of  the  pot  and  poured  over  the  fuel  on  the  plate,  and  this  is 
repeated  until  it  no  longer  leaves  a  residue  behind  it  in  passing  over 
the  plate. 

After  this,  the  residues  on  the  plate  are  all  collected  together  and 
beaten  with  wooden  hammei-s,  by  which  process  some  tin  is  liberated 


Fio.  427. 


and  runs  into  the  pot,  while  the  less  fusible  alloys,  knowTi  as  "  Saiger- 
dorner,'*  remain  behind. 

The  tin  which  has  collected  in  the  pot  is  allowed  to  cool  there 
until  it  shows  a  bluish,  brilliant  surface,  whereupon  it  is  at  once  cast. 
It  is  either  poured  into  moulds  or  on  to  a  level,  smooth,  polisht'd. 
copper  plate  from  4  feet  2  inches  to  5  feet  2  inches  long,  2  feel 
broad,  and  i  inch  thick.  In  the  moulds  it  takes  the  form  of  ingots 
or  bars ;  on  the  copper  plate  that  of  sheets  xV  i^^^h  thick.  These  an* 
taken  when  cold  to  a  rolling  bench,  where  they  are  rolled  together 
and  then  beaten  with  wooden  hammers.  The  rolled  tin  is  known  as 
Rollcnzinn  or  Ballenzinn.  The  residues  from  liquation,  called  alsi> 
ZiimpaiLsche  or  ZinnJcoomer,  are  essentially  a  tin-iron  alloy  containing 
varying  quantities  of  tungsten  and  copper.     They  are  usually  workt^l 
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up  by  adding  them  to  the  charge  in  slag  smelting.     The  composition 
«)f  liquation    dross   from  Altenberg  is   shown  in  the  two  following 

analyses : — 


I. 

LampadiuB. 
Per  cent. 

Sn 6813 

Fe 25-49 

W 514 

Cu 0-74 


99-50 


11. 
Borthier. 
Per  cent. 

72-52 

26-44 

1-04 


10000 


In  the  island  of  Billiton  the  liquation  hearth  consists  of  a  sloping 
c-ast-iron  plate  set  into  three  brick  walls  and  having  a  couple  of  iron 
steps  at  the  lower  end  under 
which  is  placed  the  pot  for  the 
reception  of  the  liquated  metal. 
Charcoal  is  strewn  on  the  plate 
and  made  to  glow  by  the  blast 
from  a  tuyere  in  the  back  wall, 
and  the  tin  is  laid  on  the  hearth 
in  blocks  either  resting  directly 
on  the  charcoal,  or  upon  iron  bars 
held  a  little  above  it.  The 
liquated  tin  flows  down  the  plate 
into  the  pot,  <and  is  cast  from 
there  into  moulds. 

Dijk^  used  a  wrought-iron 
pan  heated  from  below  in  order 
U)  liquate  crude  tin  from  Banca 
(with  1  per  cent,  impurities)  ob- 
tained in  the  Vlaanderen  shaft 
furnace.  The  arrangement  is 
shown  in  Fig.  428.  The  ingots 
of  zinc  were  laid  upon  a  bed  of 
charcoal  on  the  bottom  of  the 
plate,  which  was  tired  from  be- 
low. A  pot  placed  in  front 
served  to  collect  the  liquated  tin. 
liquated  at  a  higher  temperature,  and  the  two  liquated  products 
contained  9984  and  99*79  per  cent,  of  tin  respectively.  The 
only  impurity  in  the  metal  was  iron.  The  liquation  residue  con- 
tiuned  808  per  cent,  of  tin  and  192  per  cent,  of  iron,  and  corre- 
si>onded  closely  to  the  formula  FeSug ;  the  loss  by  liquation  was 
»  The  Mill.  IiifL,  1896,  p.  559. 


Flo.  428. 


The  first  residues  were  further 
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0*33  per  cent.  At  present  ^  the  impure  tin,  which  forms,  however 
only  one-tenth  of  that  produced  in  Vlaanderen's  furnace,  is  melted  in 
iron  pans  in  charges  of  15,000  to  16,000  lbs.,  heating  being  done 
from  above  by  a  wood  fire.  As  the  metal  melts  it  flows  into  a 
receiver  of  the  same  size  as  the  melting  pot,  in  which  the  less 
fusible  tin-iron  alloy  remains  behind ;  thence  the  pure  tin  passes  on 
to  a  third  pot  holding  1,100  lbs.,  called  the  controlling  pan,  then  into 
a  fourth  pan,  firom  which  it  is  cast  in  moulds.  All  the  pans  are 
embedded  in  sand,  which  retains  any  escaping  metal.  The  alloy  is 
removed  from  the  second  pan  with  perforated  ladles,  melted  down  in 
small  shaft  furnaces,  and  liquated  on  iron  plates ;  the  liquated  metal 
is  collected  in  a  pot  and  cast  into  moulds.  The  residual  alloy  is 
regarded  as  worthless.     The  loss  of  tin  amounts  to  2  per  cent 

b.  The  Refining  of  Tin  by  the  English  Method 

The  English  method  of  refining  consists  of  a  liquation  of  the  tin 
in  a  reverberatory  furnace  and  a  subsequent  boiling  or  tossing.  This 
method  is  employed  in  Cornwall  and  Lancashire,  in  Germany  at 
Tostedt,  and  in  Pulo  Brani  and  in  Australia.  The  operation  of 
boiling  and  tossing  will  be  considered  after  the  description  of  the 
liquation  process  at  these  places. 

In  England  the  liquation  furnaces  are  either  especially  con- 
structed for  the  purpose,  or  they  are  the  same  as  those  used  for 
smelting  the  ores.  In  the  latter  case  they  are  fitted  with  kettles, 
separately  fired,  for  the  reception  and  boiling  of  the  tin.  (These 
kettles  are  shown  at  iTand  Z  in  Figs.  412  and  416  respectively.)  A 
special  liquation  furnace  used  in  Lancashire  is  shown  in  Figs.  42!^ 
to  431.  It  consists  of  two  cast-iron  hearths,  sloping  in  opposite 
directions,  each  with  a  separately  fired  collecting  and  boiling  pot  at 
the  corresponding  ends  of  the  furnacs.  The  block  tin  is  laid  up»»n 
the  upper  end  of  these  plates  and  melted  down  slowly,  the  tin 
flowing  through  the  tap-hole  into  a  pot  placed  below,  while  the 
less  fusible  metals  and  part  of  the  tin  remain  on  the  plate. 

Fresh  ingots  are  piled  on  the  bed  as  those  previously  charged  arv 
liquated.  When  the  pots,  which  hold  6  to  10  tons,  are  full  of  tin, 
the  temperature  is  raised  until  the  residue  on  the  bed  is  melteJ. 
after  which  it  is  allowed  to  run  into  a  separate  pot ;  here  the  less 
fusible  metals  settle  down  to  the  bottom  in  the  form  of  tin  allop. 
while  the  tin,  which  3till  contains  small  quantities  of  arsenic,  sulphur 

*  Seventeenth  Annual  Report  of  the  U.  S.  Geological  Survey,  1805>96.     Patt  iii.. 
p.  239. 
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and  iron,  remains  liquid.     The  tin  is  cast  in  moulds,  and  as  soon  as  a 
sufficient  quantity  has  accumulated,  is  again  liquated. 

The  liquation  dross  and  the  residue  on  the  furnace  bed  are  once 
more  liquated,  after  which  the  infusible  portions  are  either  added  to 
charges  of  slag  or  thrown  away. 

The  tin  which  collects  in  the  refining  pot  (kettle),  amounting  to 
6  or  10  tons  at  one  time,  is  kept  at  a  high  temperature  by  means  of 
a  strong  fire  underneath,  while  it  is  being  hoUed,  or  more  rarely, 
tossed. 

The  boiling  consists  in  introducing  into  the  bath  of  heated  liquid 
metal  a  bundle  of  green  twigs,  held  together  by  two  iron  hands. 
These  are  fastened  by  a  cross-piece  to  a  weighted  iron  bar  which  hangs 
from  a  chain  and  pulley.  The  wood,  at  the  high  temperature, 
undergoes  a  dry  distillation,  and  the  gases  and  vapour  given  off  set 
up  a  bubbling  action  in  the  bath  of  metal.  By  this  means  even 
portion  of  the  mass  is  brought  into  contact  with  the  air,  the  foreign 
metals  and  a  portion  of  the  tin  being  oxidised.  The  oxides  collect 
together  in  a  foamy  mass,  the  so-called  boil-scum,  on  the  surface  of 
the  metal. 

The  duration  of  the  hoUing  depends  on  the  state  of  purity  to 
which  it  is  desired  to  bring  the  tin ;  if  a  high  degree  of  purity  k* 
required,  the  boiling  must  be  continued  for  many  hours.  It  is  con- 
tinuedtill  the  surface  of  the  molten  metal,  after  removal  of  the  scum, 
is  bright  and  shining,  after  which  the  metal  is  allowed  to  stand  quiet 
for  some  time  (one  hour,  more  or  less)  in  order  that  the  heavy  metals 
in  the  tin,  especially  copper  and  iron,  may  have  an  opportunity 
to  settle  to  the  bottom.  After  this,  the  scum  is  skimmed  off  and 
the  metal  ladled  into  moulds.  The  upper  portions  of  the  metal  in 
the  pot  are  the  purest,  the  lower  layers  being  only  of  commc* 
quality  ;  the  portions  at  the  very  bottom  al-e  usually  liquated  and 
boiled  over  again. 

The  tin  from  the  upper  layers  in  the  refining  pot,  described  a? 
refined  tin,  goes  to  the  market  in  the  form  of  ingots  or  of  gTaifi4u, 
in  masses  7  to  100  lbs.  in  weight,  or  in  strips  3  to  5  of  which 
weigh  1  lb.  Tin  of  second  quality,  either  from  the  lower  layers  of 
metal  in  the  refining  pot — or  produced  by  shorter  boiling — goes  by 
the  name  of  common  tin,  and  is  sent  into  the  market  in  ingot? 
weighing  350  to  400  lbs.  apiece. 

Tossing  is  sometimes  resorted  to  in  England  instead  of  boilin:. 
To  do  this  the  workman  continually  takes  up  a  ladleful  of  the  mell'"d 
metal  and  poui^s  it  back  from  a  height  into  the  pot.  This  m^lh^A 
also  allows  every  portion  of  the  mass  to  be  brought  into  contact  ^ith 
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the  air.    The   products   from   tossing  are  the  same  as  those  from 
Uiliiig, 

The  refining  of  6  or  7  tons  of  tin  requires  altogether  from  5  to  7 
hours,  viz.. 

Liquation 1  to  2  hours 

Boiling  according  to  the  purity  required      .     3    „   4  hours 
Settling  and  pouring 1  hour. 

At  Tostedt  the  liquation  furnaces  are  rectangular,  with  fire-grate 
on  the  long  side  of  the  furnace,  the  hearth  is  sloping  and  divided 
lengthwise  into  three  parts,  the  length  being  18  feet,  the  width 
8  feet.  The  ingots  of  tin  are  placed  at  the  upper  end  of  the  middle 
division,  and  the  liquated  metal  flows  away  at  the  lower  end  of  this 
into  moulds.  It  is  taken  from  these  to  the  division  furthest  removed 
from  the  fire,  whilst  the  liquation  residues  from  the  middle  division 
are  transferred  to  the  first  division  nearest  to  the  fire.  The  tin 
liquated  in  the  third  division  of  the  hearth  is  boiled.  The  liquation 
residues  heated  on  the  first  division  yield  a  little  tin  and  the  residue 
s  withdrawn  from  the  furnace ;  the  residues  from  the  third  division 
ire  passed  on  to  the  middle  division,  as  is  also  the  tin  from  the  first 
)r  hottest  part  of  the  hearth.  In  24  hours  3  tons  of  tin  are  liquated 
n  this  furnace. 

The  tin  is  boiled  in  a  cast-iron  kettle  holding  6  J  tons.  It  is 
|uickly  melted,  poled  with  green  wood  for  1\  hours,  and  then  cast 
nto  moulds.  Two  charges  are  worked  off  in  12  hours.  The  best 
pdes  of  tin  contain  99*95  per  cent,  of  the  metal. 

At  Pulo  Brani,  near  Singapore,  the  crude  tin  is  liquated  and 
ossed.  If  it  is  very  impure  it  is  boiled  before  liquating.  The 
rrangement  of  the  liquation  furnace  is  shown  in  Figs.  432  and  433. 
^e  furnace  is  rectangular  in  cross  section,  with  a  grate  at  each  end. 
Vo(xi  is  the  fuel  used.  The  gases  from  the  fire  reach  the  middle 
f  the  furnace  through  a  flue  in  the  arch.  The  liquated  tin  flows 
way  from  the  furnace  through  two  open  tap-holes  into  the 
ots  A  and  B.  Each  kettle  is  3  feet  6  inches  in  diameter  and  holds 
tons  of  tin.  It  is  ladled  from  these  into  one  of  the  larger  pots 
',  A  E,  or  F,  each  of  which  is  8  feet  in  diameter  and  holds  30  tons. 
"he  pots  A  and  B  are  2  feet  higher  than  C,  D,  E,  and  F,  During 
lling,  the  tin  falls  from  the  ladle  in  a  fine  stream  about  4  feet 
bough  the  air.  It  remains  in  the  pots  24  hours  at  a  temperature 
f  260**  C,  during  which  time  the  impurities,  in  so  far  as  they  do  not 
>nn  scums,  settle  to  the  bottom.  After  skimming,  the  metal  is  ladled 
ut  into  moulds ;  that  portion  down  to  a  foot  from  the  bottom  goes 
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into  the  market,  the  rest  is  liquated  again.  The  liquation  ^esidue^ 
are  added  to  ore  charges.  From  100  parts  of  crude  tin  from  the  ore- 
sraelting,  there  are  obtained  96*5  parts  of  refined  tin  and  4*5  to  5 
parts  of  liquation  residues  and  drosses.  The  liquation  residues 
contain  65  per  cent,  of  tin  and  11 '5  per  cent,  of  iron.^ 


Pio.  432. 


A- 


^0  S    {?       to       20       30      W      SoFect 


Fio.  438. 


At  Mount  Bischoff  works,  Launceston,  the  tin  from  the  ore- 
smelting  process  is  only  boiled,  the  operation  lasting  2  to  4  hours 
according  to  the  purity  of  the  metal.^ 

In  the  Malay  Archipelago,  the  refining  process  consists  only  in 

^  McKillop  and  Ellis,  op.  cit, 
a  The  Mill.  Ind.,  1898,  p.  649. 
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melting,  stirring  the  molten  tin,  and  allowing  it  to  stand  in  order 
that  the  impure  alloy  may  settle  out.  After  skimming  the  tin  is 
cast. 

The  tin  produced  in  the  Chinese  furnaces  at  Banca  is  so  pure 
that  it  does  not  need  refining.    It  is  at  most  remelted. 

c.  Purification  of  Tin  by  Filtration 

Repeated  proposals  to  purify  tin  by  filtration  have  been  made, 
but  so  far  have  not  been  adopted. 

The  first  proposal  of  this  kind  by  Lampadius  was  to  filter  the 
tin  through  quartz  sand,  or  finely  divided  slag,  which  was  to  be 
previously  heated  ;  the  result,  however,  was  most  unfavourable. 

Carter  proposed  a  filter  of  thin  tinned  sheet  iron,  the  sheets 
being  about  6  inches  long  and  4  inches  broad.  Five  hundred  of 
these  sheets  were  to  be  wedged  into  a  square  frame,  which  was  to 
be  fastened  in  an  opening  of  corresponding  size  in  the  bottom  of  a 
Passau  graphite  crucible.  When  melted  tin  was  poured  on  to  this 
filter,  the  tin  coating  of  the  tin  plate  became  fluid,  and  allowed  a 
very  pure  tin  to  pass  the  filter,  while  a  pulpy  mass  of  arsenic,  copper, 
iron,  and  tin  remained  behind.  This  proposal  has  found  no  practical 
application ;  neither  has  that  of  Leichsenring,  by  which  the  tin  was 
to  be  allowed  to  run  through  sieves  of  coarse  and  fine  iron  wire. 

Tin  produced  electrometallurgically  is  also  impure  and  needs 
reBning.  To  firee  tin  from  lead  Borchers  ^  has  suggested  smelting  it 
with  haloid  salts  of  tin  and  the  alkalis.  He  states  that  Peetz, 
working  at  the  Technical  High  School  of  Aix-la-Chapelle,  obtained 
good  results  by  melting  lead-bearing  tin  Avith  the  stannous 
potassium  chloride,  a  double  salt  readily  prepared  and  melting 
between  300**  and  400°  C. 

The  products  of  the  refining  of  tin  are : — Refined  tin,  liquation 
dross,  and  boil  scum. 

The  composition  of  different  qualities  of  pure  tin  is  shown  in 
the  following  analyses  :— 

From  Saxony  .3  From  Schlaggonwald.S 

RoUedTin.  Bar  Tin.  Rolled  Tin.  Fine  Tin. 

I.  II.  III.  IV. 

Percent.  Percent.  Percent.  Percent. 

Sn 99-76  99'93  99*66  99  594 

Cu —  —  016  0-406 

Fe 0*04  0-06  006  trace 

A« trace  trace  trace  trace 

^  Elektro-metaUurgie,  1903,  p.  465. 

*  L5we,  Jahrb.  der  K.  K,  Berg-AcademUf  vol.  13,  pp.  63,  64.         »  Lowe,  loc.  cil. 
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BaQca  tin  is  very  pure,  and  on  that  account  is  not  refined. 

Banca  Tin. 


Sn 
Fe 
Pb 
Cu 


99-961 
0-019 
0-014 
0  006 


!I. 

99  99 

0-20 


Sn 
Fe 
Pb 
Cu 


Sn 
Fe 
Pb 


Sn 
Sb 
Pb 
Fe 


Tin  from  Pulo  Bm»i. 


99-76 
0-07 
0-02 
0-14 


English  Tin. 

I.                     11.  iir. 

99-76               98-64  99-73 

trace                trace  0-13 

—                    0-02  — 

0-24                  1-16  trace 

Tin  from  Piriac  in  France. 

(Loire  inferiouro.) 

I.  II.  in. 

99  5  97  0  95-0 

trace  2*8  1*2 

0-2  —  3-0 

Refinod  Tin  from  Pitkaranta. 

Sn 99-74 

CHi 0-08 

Pb! «•'« 


The  impurities  in  Banca  tin  from  six  different  districts  can  be 
seen  from  the  accompanjdng  analyses  ^ : — 


I.       j       II. 

III. 

IV.                      V.                    VI. 

District. 

Jobaes.      i      Bllnju.        SungclLiat. '      i'f^^ol-     ,  Uerawang.    SungdSbo. 
1                             pinang.      | 

Fe   .    .    .    . 
Pb  .    .    .    . 

S      .    .    .    . 
c     .   .   .   . 

00087         00175         0-006Ct         0*0060    |     0-0070         00196 
—         1      trace              —1         —        i         —                 —     • 
0-0099         0-0030         0-0040         0-0027    j     0-0090    1     OOi>29 
trace            trace            trace            trace            trace           trace 
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The  Methods  of  Wo^'kimg  up  Refinery  Dross 

The  refuse  from  refining  consists  of:  liquation  dross,  skimmings 
and  scum  from  boiling. 

The  dross  fi'om  the  Pauschtn  process  is  added  to  the  later  ^]a^ 
charges. 

In  Com\*rall  the  residue  from  liquating  tin  in  a  reverberator} 
furnace  is  remelted  in  a  similar  furnace  and  run  into  a  small  p^^t, 
where  a  difficultly  fusible  alloy  containing  tin  separates  out  at  the 
bottom.  This  alloy  is  subject  to  liquation  at  a  higher  temperature 
in  a  reverberatory  furnace ;  in  this  way  a  portion  of  the  tin  i^ 
extracted,  while  hardhead  remains  in  the  funiace.  This  hardhea»l 
»  Berg-  und  HiUten.  Ztg.,  1875,  p.  454. 
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if  it  contain  much  arsenic,  is  not  worked  up  any  further ;  if  free 
from  arsenic  it  is  added  to  charges  of  slag.  The  composition  of  the 
hardhead  containing  arsenic  is  : — 

Fe 62'50  per  cent. 

Sn 17-25       „ 

As 1902       „ 

S 1-26       „ 

10008 

At  Banca  the  tin-iron  alloy  got  by  refining  in  pans  is  remelted 
in  small  shaft-furnaces  and  then  liquated  on  iron  plates.  The 
residues  from  this  process  are  thrown  away.  In  other  places 
liquation  residues  are  added  to  ore-  or  slag-smelting  charges,  so 
that  iron  is  slagged  off  with  liberation  of  an  equivalent  amount  of 
tin.  Sometimes  the  liquation  residues  are  submitted  to  repeated 
liquation,  the  end  residues  being  rejected.  No  method  has  yet 
been  devised  for  the  treatment  of  these  residues.  Bohne^  has 
suggested  using  them  as  anode  material  in  the  electrolysis  of  tin 
sulphate  solutions.  Other  proposals  have  been  made  to  convert 
them  into  lead-tin  alloys,  but  these  are  not  amenable  to  satisfactory 
treatment. 

The  scum  from  boiling,  which  consists  of  oj^ides  of  the  foreign 
raetals  originally  present  in  the  ore,  with  a  large  proportion  of  tin 
oxide  and  metallic  tin,  is  added  to  ore-  or  slag-smelting  charges  or  is 
smelted  with  carbon  in  a  reverberatory  furnace.  This  yields  tin  and 
a  black  slag  which  contains  prill,  mechanically  enclosed.  The  upper 
layers  of  tin  collected  in  the  tapping  pot  are  sent  into  the  market ; 
while  that  in  the  lower  portion  of  the  pot  is  again  liquated  and 
boiled.  The  slag  contains,  besides  prill,  only  about  i  per  cent,  of 
combined  tin,  and,  after  being  stamped  and  the  tin  picked  out,  is 
thrown  away. 

I.  C. — The  Extraction  of  Tin  from  Skimmings  and  other 

bye-Products 

Among  these  bye-products  may  be  mentioned  the  drosses  from 
melting  tin,  the  so-called  tin  ashes,  and  the  skimmings  from  the 
refining  of  crude  lead  which  contains  tin.  Of  other  forms  of  refuse, 
tin  plate  cuttings  may  be  quoted  as  a  type. 

Dro8$  prodticed  in  the  fusion  of  tin  is  added  to  the  charges  of  ore 
1  Ger.  Pat.,  No.  96198. 
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when  smelted,  or  in  the  refining ;  should  they  be,  however,  in  con- 
siderable quantity,  they  are  sometimes  smelted  by  themselves,  in 
either  shaft  furnaces  or  revcrberatoiy  furnaces,  the  slag  obtained 
being  stamped  and  washed  to  extract  the  prill. 

Before  being  treated  in  reverberatory  furnaces,  the  drossy  are 
formed  into  lumps,  which  are  first  liquated.  The  residue  fnim 
this  operation  is  sieved  to  separate  the  pulverulent  portion,  and  then 
melted  in  a  small  reverberatory  furnace  on  a  sand-bed.  The  tin 
obtained  in  this  way  is  known  as  Aschen-zinn  (ash-  or  dross-tin).  The 
slags  are  stamped  and  washed,  the  richer  portions  being  smelted 
after  the  removal  of  prill  by  sieving. 

Lead  ores  containing  tin  are  worked  at  Freiberg.  The  tin  collects 
with  the  silver  in  the  lead,  and  is  separated  during  cupellation,  in 
the  earlier  less  fusible  scoriae.  These  are  worked  up  by  a  procecss 
devised  by  Plattner.^ 

The  composition  of  the  scoriaB  which  contain  tin  is  as  follows  :— 

PbO 70-35  per  cent. 

SnOg 12-53 

SbPs 12-50 

AsgOg 4-73 

CuO 0-61 

Ag 0-25 

100-97 

These  are  first  converted  into  work-lead,  and  litharge  freo 
from  silver,  by  heating  them  in  a  reverberatory  refining  furnace 
with  5  per  cent,  of  carbon  as  a  reducing  agent.  The  hearth  of  this 
furnace  is  8  feet  3  inches  long,  8  feet  broad,  and  1  foot  8  inches 
deep,  and  is  trough-shaped,  and  in  it  4  tons  of  scorisB  are  treated  in 
one  day.  The  consumption  of  fuel  for  100  parts  by  weight  of  scoria- 
is  12J  parts  of  coal  and  7^^  parts  of  lignite  ;  100  parts  by  weight  of 
scoriae  yield  46  parts  of  work-lead,  containing  0*4  per  cent,  of  silver 
and  53  parts  of  desilverised  scoriae.  The  average  composition  of  the 
latter  is : — 

Pb 58-0  per  cent. 

Sn 11-5 

Sb 14-5        „ 

As 7-0       „ 

Cu 0-2       „ 



91-2 
'  Jahrb.Jur  da»  Berg-  und  IfiUlemcMen  in  Sachten,  1883. 
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These  desilverised  scoriae  are  "  fined  "  (frischen)  in  shaft  furnaces 
with  one  and  a  half  times  their  own  weight  of  slag  consuming 
25  per  cent,  of  coke,  and  yielding  tin-lead  containing : — 

Sn 11*8  per  cent. 

Sb 10-3       „ 

As 3-5       „ 

This  product,  known  as  Zinnfruchhhi,  is  converted  by  an  oxidising 
roasting  in  a  refining  furnace  into  scoria  which  contains  tin,  and 
antimonial  lead  containing  15  per  cent,  antimony.  The  bed  of  this 
furnace  is  5  feet  9  inches  wide,  11  feet  6  inches  long,  and  14  inches 
deep,  and  the  charges  are  each  2  tons  in  weight.  * 

The  scoria  separated  in  this  process,  known  as  crate  Zinnpuder 
("first  tin  powder"),  does  not'  melt,  and  has  a  yellow  colour,  on 
account  of  the  lead  contained  in  it.  Its  composition  is  the 
following : — 

Pb 68-83  per  cent. 

Sn 10-85       „ 

Sb 11-89       „ 

As 30 

Cu 0-56       „ 


9513 


3  J  tons  of  this  Zinnfrischblei  are  worked  up  in  24  hours,  consuming 
20  parts  of  coal  and  15  parts  of  lignite  per  100  of  Zinnfrischhlei, 

The  erste  Zinnpuder  is  smelted  in  a  shaft  furnace  with  twice  its 
weight  of  slag  from  the  same  process,  or  with  slag  from  the  first 
"  fining  "  process.  The  coke  used  is  60  per  cent,  of  the  weight  of 
Zinnpuder,  and  the  product  is  called  second .  Zinnfrischhlei ;  each 
furnace  smelts  7  J  tons  per  day. 

This  second  Zinnfrischhlei  is  further  converted  into  antimonial  lead 
and  second  Zinnpuder  by  an  oxidising  roasting  in  a  reverberatory 
furnace.    These  substances  contain : — 


Antimonial  lead. 

Second  Zinvjmder. 

Per  cent. 

Per  cent. 

Sb     .    ,     .    .        180 

Pb 

.    .    .    .      44-74  to  49-86 

As    ...    .        1-0 

Sn 

....      27-59  „  24-28 

Sn    .    .    .    .        0-5 

Sb 

....      13-22  „  11-97 

Cu 

....        0-95  „    0-48 

Aa 

....        2-72  „    0-95 

I   UNIVERSITY   I 

j\K^ 


538  METALLURGY 

The  second  Zinnpiider  is  smelted  in  a  Sumpf-ofen  in  charges  of 
25  lbs.  with  6  lbs.  of  coke,  and  yields  tin-lead.  This  furnace 
is  one  with  a  deep  receptacle  at  the  bottom,  in  which  the  metal 
collects,  below  the  tuyeres;  it  is  8  feet  high  and  is  provided 
with  2  tuyeres ;  it  is  2  feet  wide  on  the  tuyere  wall,  1  foot  \ 
inches  wide  on  the  front  wall,  and  1  foot  7  inches  deep.  The 
nozzles  are  0*8  inch  diameter,  and  the  blast  is  worked  under  a 
pressure  of  0:6  inch  of  mercury;  If  tons  of  Zinnpuder  are  put 
through  in  the  day.  The  tin-lead  is  remelted  in  a  cast-iron  pot, 
and,  after  the  removal  of  the  dross,  contains : — 

Sn 33  per  cent. 

Sb 14 

As 1 

The  slag  obtained  in  the  smelting  of  Zinnpuder  contains  cm- 
siderable  quantities  of  tin,  both  in  a  state  of  mechanical  inchisitiQ 
(up  to  15  per  cent.)  and  also  in  chemical  combination.  Tht- 
following  analysis  gives  its  composition : — 

SiOg 28-65  per  cent. 

SnOg 20-40 

PbO 5-81 

CuO 0-15 

FeO 26-61 

MnO 0-37 

ZnO 0-70 

AI2O3 1200 

CaO 315 

MgO 0-79 

S 008 

98-71 

This  is  smelted  in  a  shaft  furnace  by  itself  with  20  per  cent.  "J 
coke,  yielding  the  so-called  dag-tin-lead  and  a  slag  which  can  K 
thrown  away. 

The  former  (the  slag-tin-Uad)  contains : — 

Sn 326  per  cent. 

Sb     ......     .  14-6 

As 0-7 
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The  composition  of  the  latter  is  shown  in  the  two  following 
ptirtial  analyses : — 

I.  II. 

SiOa 29-82  308 

SnOg 5-3  8-8 

PbO 1-54  1-7 

CuO 018  — 

The  dag-tin-lead  is  melted  in  cast-iron  pots,  as  the  tin-lead  is, 
and,  like  the  latter,  is  an  article  of  commerce. 

Tin  Cuttings 

Cuttings  from  tinned  plate,  which  contain  from  2  to  3  per  cent, 
of  tin  (only  exceptionally  do  they  contain  more),  are  worked 
up  usually  by  wet  methods,  to  extract  the  tin  they  contain. 
Drj'  methods  have  been  proposed  by  Gutensohn,  Laroque,  and 
Edmunds. 

Gutensohn's  method  consists  in  heating  the  cuttings  with  sand 
in  revolving  cylinders ;  the  tin  is  melted  off  the  iron,  and  takes 
the  form  of  small  grains  ;  it  is  afterwards  separated  from  the  sand  by 
sieving. 

Laroque  proposes  to  heat  the  cuttings  with  powdered  charcoal  and 
05  per  cent,  of  salt  in  a  pot.  This  pot  is  fitted  in  the  middle  with 
a  perforated  diaphragm.  The  upper  portion  of  the  pot  is  heated  to 
redness,  while  the  portion  below  the  diaphragm  is  cooled  in 
water.  The  tin  melts  in  the  upper  part  of  the  pot,  and  falls  through 
the  diaphragm  into  the  cooler  region,  where  it  collects. 

Edmunds  uses  centrifugal  machines,  in  the  centre  of  which  a 
fireplace  is  situated.  The  melted  globules  of  tin  are  driven  through 
the  sieves  of  the  apparatus  and  collect  in  the  outer  space  of  the 
machine. 

Harpf  ^  has  proposed  to  utilise  these  cuttings  for  the  preparation 
of  tin-lead  and  tin-lead-antimony  alloys  in  the  extraction  of  lead.  The 
method  is  to  add  the  cuttings,  either  direct  or  after  removing  the  tin, 
tfi  the  lead  ores  for  smelting  in  shaft  furnaces,  the  cuttings  supplying 
the  ferruginous  material  necessary  for  the  process.  If  added  direct 
the  cuttings  soon  lose  their  tin  owing  to  its  low  melting  point,  and 
the  iron  decomposes  the  lead  sulphide  at  higher  temperatures,  libera- 
ting lead  which  alloys  with  the  tin.  If  the  lead  is  free  from  silver 
and  if  much  copper  be  present,  the  alloy  is  liquated  to  get  rid  of  the 
copper.  The  copper-free  lead  is  then  submitted  to  an  oxidising 
1  Oetter.  ZtiUch.,  1897,  Nob.  33  and  34. 
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refining  process  in  a  reverberatory  furnace,  whereby  tin  and  antimony 
arc  oxidised  and  lead  free  from  tin,  along  with  tin-bearing  scoriae. 
are  produced.  As  tin  is  oxidised  before  antimony,  the  greater  part  of 
the  latter  goes  into  the  second  residue  after  the  formation  of  the  tin- 
bearing  scoriae,  and  only  a  little  mixes  with  the  tin.  If  the  lead  be 
free  from  antimony,  the  tin  drosses  are  worked  up  accoitling  to  the 
method  of  Plattner  described  above ;  if  it  contains  antimony,  the  first 
dross  is  treated  in  a  shaft  furnace  for  a  tin-antimony-lead  alloy,  and 
the  second  dross  containing  most  of  the  antimony  is  treated  for  hard 
lead.  If  the  tin-bearing  lead  contains  silver,  then  it  may  be  pattinson- 
ised  or  desilverised  by  the  zinc  process  if  the  amount  of  tin  be  small : 
if  considerable,  it  is  liquated  or  refined  before  desilverising.  In  the 
former  case,  on  refining  after  desilverising,  the  tin  is  obtained  in  the 
dross ;  in  the  latter  case  it  is  eliminated  in  the  liquation  dross  befua' 
desilverising. 

The  cuttings  are  deprived  of  their  tin  before  smelting  with  the 
lead  ore  in  case  too  much  tin  is  slagged  off  in  the  smelting  process, 
or  if,  when  the  ores  contain  silver,  the  cost  of  refining  before  desilver- 
ising is  too  great  owing  to  the  large  amount  of  tin  present.  The  tin 
is  removed  either  by  the  method  of  Edmunds  described  above,  or  by 
Patterson's  method.  This  consists  in  dipping  the  tin-plate  into  a 
lead-bath,  whereby  the  tin  is  dissolved  and  alloys  with  the  lead.  As 
the  iron  always  retains  some  tin  when  Eklmunds's  process  is  adopt<d 
it  has  been  suggested  to  combine  the  two  processes,  obtainin?. 
first,  pure  tin  by  Edmunds's  method  and  then  removing  the  remainder 
of  the  tin  in  the  form  of  a  tin-lead  alloy. 

These  proposals  of  Harpf  have  not  yet  come  into  practice. 

II.  The  Extraction  of  Tin  in  the  Wet  Way 

Wet  methods  have  been  proposed  to  extract  tin,  and  to  prepiK 
tin  salts  from  tinned-sheet  cuttings  and  from  the  waste  water  fnm. 
dye  works  which  contains  tin.  At  present  tin  salts  are  obtained  from 
tin  cuttings  in  the  wet  way,  and  metallic  tin  from  the  same  electrr- 
lytically. 

EojtrcLction  from  Tin-plate  Cuttings. — A  large  number  of  methln^^ 
have  been  proposed  for  this  purpose;  of  these  we  shall  only  mention 
the  most  important. 

Muir  dissolves  the  tin  from  the  cuttings  in  hydrochloric  acid  and 
precipitates  it  from  the  solution  by  means  of  zinc;  steam  is  led  int<' 
the  solution  during  the  precipitation.  Milk  of  lime  precipitates  first  j 
the  zinc  and  then  the  iron  from  the  residual  liquor. 
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Schultze  ^  treats  the  cuttings  with  acidified  ferric  chloride  solu- 
tion, and  filters  the  resulting  solution,  which  contains  stannous  and 
ferrous  chlorides,  through  a  mixture  of  stannous  and  ferrous  oxides 
till  it  is  saturated ;  after  this  the  tin  is  precipitated  by  means  of 
metallic  iron.  This  is  only  possible  if  the  solution  be  completely 
neutralised  and  contain  stannous  salts. 

Moulin  and  Dole's  method  consists  in  allowing  gaseous  hydro- 
chloric acid  to  act  on  the  cuttings  until  the  iron  is  attacked.  The 
resulting  salts  are  dissolved  out  in  water  and  the  tin  thrown  down  by 
zinc;  the  precipitate  is  washed  with  dilute  sulphuric  acid,  dried, 
fused,  and  cast  in  moulds. 

The  so-called  argentin,  used  in  cloth-printing  and  in  the  manu- 
facture of  silver  paper,  is  prepared  by  precipitating  tin  from  an 
acidified  solution  of  a  tin  salt  by  means  of  sheet-zinc.  The  tin- 
sponge  which  is  obtained  is  washed  and  dried,  and  then  ground 
to  fine  powder  under  water  and  passed  through  a  sieve  of  hair 
or  silk.* 

Reineck'en-Ponsgen  and  Kopp  treat  the  cuttings  in  revolving 
barrels  with  soda  lye,  litharge,  and  steam ;  sodium  stannate  is 
formed  with  the  separation  of  lead  according  to  the  following 
equation : — 

Sn + 2NaH0  +  2PbO  =  Na^SnOg + 2Pb  -h  H^O. 

The  sodium  stannate  is  either  evaporated  to  dryness  and  sold  as 
preparing  salt,  or  the  solution  of  it  is  precipitated  by  a  stream  of 
carbonic  acid  and  the  resulting  oxide  smelted  with  charcoal  and 
chalk  in  a  reverberatory  furnace.^  The  spongy  lead  which  separates 
out  during  the  process  is  heated  in  a  current  of  air,  and  converted 
into  litharge,  which  is  used  over  again. 

It  has  also  been  proposed  to  treat  the  cuttings  in  revolving 
cylinders  with  quicksilver,  and  to  separate  the  latter  from  the 
tin  amalgam  by  distillation.  Tin  may  be  precipitated  from  the 
waste  water  of  dye-works  by  granulated  zinc  or  zinc  powder,  and  the 
spongy  mass  dried  and  melted  at  a  white  heat  with  borax  in  order 
to  volatilise  the  zinc. 

Hunter,  of  Philadelphia,  proposed  to  treat  the  cuttings  with  a 
warm  solution  of  copper  sulphate.*  The  tin  is  dissolved  as  sulphate 
and  metallic  copper  is  deposited.     When  the  tin  is  all  dissolved  and 

*  Berg-  und  ffiittenm.  Ztg,,  1894,  p.  208. 

*  MuUerus,  Ckemiker-Zeit,,  1891,  No.  64. 
»  Der  Maachinenhauer,  1879,  p.  80. 

*  German  Patent,  class  40,  No.  78,344,  January  3rd,  1894. 
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the  iron  is  exposed,  the  latter  precipitates  the  tin  from  solution, 
and  is  dissolved  with  the  formation  of  ferrous  sulphate.  Thedepc^iit 
of  copper  and  tin  thus  obtained  is  melted  up  together,  forming  an 
alloy,  or  it  is  treated  by  well-known  methods  to  separate  the 
metals. 

Most  of  these  methods  have  probably  fallen  into  disuse,  as  tin  is  at 
present  prepared  electrolytically  on  a  large. scale. 

Many  proposals  have  also  been  made  for  the  preparation  of  salts 
of  tin  from  tinned-plate  cuttings. 

Tin  chloride  is  prepared  at  Uetikon,  on  the  Lake  of  Zurich,^  by 
treating  the  cuttings  with  dry  chlorine  gas.  The  process  is  con- 
ducted in  a  fixed  iron  cylinder  13  feet  high  and  3  feet  3  inches 
diameter,  fitted  with  a  perforated  false  bottom,  on  which  the  cutting? 
ar6  placed,  the  chlorine  being  introduced  below  it.  The  tin  is 
converted  into  stannic  chloride,  which  collects  as  a  fuming  liquid 
in  a  receiver  under  the  cylinder.  By  cautious  addition  of  wat^r 
solid  tin  chloi'ide  is  precipitated,  which  is  sold  in  that  form,  and  is 
used  in  dyeing. 

Donath's  process  is  one  in  which  the  cuttings  are  boiled  with 
concentrated  soda  lye  and  pyrolusite;  the  solution  of  sodium  stannat^ 
which  is  obtained  is  treated  with  acetic  acid  to  precipitate  stannic 
acid. 

Scheurer-Kestner  prepares  sodium  stannate  by  moistening  the 
cuttings  in  a  current  of  air  with  soda  lye  of  18°  to  20°  B. 

Carez's  method  is  to  act  on  the  cuttings  with  a  solution  of 
alkaline  polysulphides  containing  salaramoniac.  The  solution  is  from 
30""  to  50°  or  {^if  B.  in  strength.  Any  lead  which  may  be  present 
is  separated  as  lead  sulphide  and  the  tin  is  dissolved,  being  after- 
wards precipitated  by  hydrochloric  acid  as  sulphide  of  tin. 

Lambotte  proposes  to  expose  the  cuttings  at  a  temperature  of 
100°  C.  to  a  stream  of  chlorine  and  air,  and  condense  the  escaping 
vapour  of  stannic  chloride,  or  to  lead  it  into  a  dilute  solution  of  tin 
chloride. 

Kunzel  ^  treats  the  cuttings  with  hydrochloric  acid  or  nitric  acid, 
precipitates  the  tin  from  the  solution  by  zinc,  dissolves  the  resulting 
spongy  tin  in  hydrochloric  acid,  and  allows  the  stannous  chloride  tu 
crystallise.  The  residual  liquors  are  worked  up  for  the  production 
of  green  vitriol  or  iron. 

*  Lunge,  Bericht  iihtr  die  Chem,  Indiutt.  ai{f  der  Schioeitzer  LandM-AusMefluHg  t" 
Zurich,  1883.     Zm-ich,  1884,  p.  29. 

■^  Berg-  und  Hmemn.  Ztg.^  1874,  p.  57. 
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The  Purification  of  Tin  in  the  Wet  Way 

This  is  very  costly  and  is  only  used  in  exceptional  cases,  as,  for 
instance,  when  it  is  desired  to  prepare  tin  compounds  from  pure  tin. 
It  consists  in  dissolving  granulated  tin  in  hydrochloric  acid ;  so  long 
as  the  tin  is  in  excess,  the  impurities  remain  for  the  most  part  in 
the  undissolved  portions.  The  tin  is  precipitated  from  the  solution 
hy  zinc,  and  the  spongy  deposit  washed  with  dilute  acid  and  with 
water. 

III.  The  Extraction  of  Tin  by  Electrolytic  Methods 

The  proposals  which  have  hitherto  been  made,  for  the  application 
of  electro-metallurgical  methods  to  ores  and  slags,  do  not  seem  to 
have  much  chance  of  success ;  but  those  for  the  treatment  of  tinned 
plate  cuttings,  and  for  refining  tin,  by  these  methods,  appear  to  be 
more  likely  to  succeed. 

IVeatment  of  Ores, — For  this,  Burghardt,*  and  Vortmann  and 
Spitzer,*  have  proposed  methods.  Burghardt  proposes  to  fuse  the 
finely  divided  ore  with  excess  of  caustic  soda,  to  extract  the  sodium 
stannate  from  the  fused  mass  with  water,  and  to  separate  the  tin 
from  the  solution  by  electrolysis.  Sheet-iron  is  used  for  the 
anodes,  and  plates  of  tin,  iron,  or  some  other  metal  for  the  cathodes. 
The  temperature  of  the  solution  for  electrolysis  should  be  60**  C.  If 
arsenic,  antimony,  or  sulphur  be  present  in  the  ores,  they  should  be 
removed  by  roasting  before  the  ore  is  fused  with  caustic  soda. 
According  to  Borchers  *  the  current  is  soon  interrupted  by  the 
deposition  of  oxides  of  tin  on  the  anode  plates ;  he  states  that  it  is 
impossible  to  extract  tin  with  profit  in  this  way. 

Vortmann  and  Spitzer's  method  consists  in  converting  the  tin  of 
ihe  ores  or  drosses,  previously  freed  from  sulphides,  into  sodium 
sulphostannate,  by  fusing  them  with  three  times  their  weight  of  a 
nixture  of  2  parts  of  soda-ash  to  1  of  sulphur.  The  solution  of 
iulphostannate,  after  the  addition  of  ammonium  compounds,  is  electro- 
ysed  between  anodes  of  lead  and  cathodes  of  tinned  sheet-copper. 
Borchers  *  points  out  that  there  is  no  material  which  can  stand  the 
)rod\iction  of  sulphostannate  by  a  process  of  smelting;  even  in  a 
everberatory  furnace  its  production  is  said  to  be  possible  only  with 
rreat  loss  of  tin  and  high  cost  for  repairs.  This  method  has  not 
oiind  any  practical  application. 

»  (ierman  Patent,  No.  49,682,  .July  lat,  1889.     «  //>i<i.,No. 73,826, Sept.  14lh,  189.3. 
»  Elektro-metaIlurg\€,  p.  154.  •*  Loc,  cit.^  p.  301. 
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Shears^  has  proposed  the  following  method  for  the  recovery  of 
tin  from  slags.  The  slags  are  first  fused  with  alkalis  and  the 
alkaline  stannate  lixiviated  out  with  water.  The  tin  is  precipitat<Kl 
from  the  solution  by  the  electric  current  in  the  way  described  above. 
Silica  and  alumina  are  precipitated  from  the  residual  liquor  by  milk 
of  lime  and  are  used  for  the  manufacture  of  cement ;  the  alkali  is 
recovered  in  the  usual  way. 

If  wolfram  is  present,  it  is  found  in  the  last  liquors,  and  can  by 
evaporation  be  separated  as  tungsten  salts.  This  method  has  also 
found  no  application. 

Bohne  ^  proposes  granulating  the  slags  and  treating  them  with 
hot  dilute  sulphuric  acid,  whereby  a  solution  of  sulphates  of  tin  and 
iron  is  obtained,  along  with  a  residue  partly  consisting  of  gelatinous 
and  partly  of  granular  silica  containing  0*5  to  08  per  cent,  of  tin. 
The  tin  is  then  to  be  precipitated  electrolytically  from  the  solution, 
using  anodes  of  granulated  hardhead.  The  siliceous  residue,  after 
drying  and  mixing  with  2  to  3  parts  of  quartz  sand,  may  be  used  for 
making  furnace  beds  for  the  smelting  of  tin  ores.  The  acid  treat- 
ment of  the  granulated  slag  takes  place  in  lead-lined  wooden  boxes, 
the  temperature  being  soon  brought  up  to  the  point  required  (60'  to 
TO""  C.)  by  the  use  of  a  Korting  stirrer.  After  saturation  the  liquor  | 
is  diluted,  filtered  through  a  press,  and  then  electrolysed.  This  pro- 
cess was  employed  for  some  time  at  Tostedt,  but  has  been  given  up, 
Brandenburg  and  Weyland*  heat  up  the  powdered  slag  with 
bisulphate  solution  to  dissolve  the  tin,  the  silica  separating  out  as  a 
jelly.  The  solution  is  then  electrolysed.  Nothing  is  known  as  t** 
the  application  of  this  process. 

Many  methods  have  been  suggested  for  the  recovery  of  tin 
from  tin-plate  cuttings  by  means  of  the  electric  current,  a<. 
for  instance,  those  of  Keith,  Gutensohn,  Walbridge,  Beat^>n 
Price-Fenwick,  Morin,  Minet,  Smith,  and  Vortmann  and  Spit^tr. 
Meyer,  Quintaine,  Coleman  and  Cruikshank.  These  for  the  nue^t 
part,  however,  do  not  appear  to  have  come  into  use.  Both  basic  an<! 
acid  electrolytes  have  been  suggested,  but  only  the  former  have  come 
into  continuous  use. 

Borchers  *  has  proposed  to  use  for  this  purpose  as  an  electrolyte, 
a  12  to  15  per  cent,  solution  of  common  salt,  containing  3  to  5  }»tr 
cent,  of  sodium  stannate.  In  consequence  of  the  high  conducting 
power  of  salt  solution,  this  electrolyte  serves  much  better  than  purv 
sodium  stannate  for  the  purpose."    With  a  current  of  50   to  15^^ 

1  English  Patent,  No.  9,821,  June  14th,  1889. 

2  German  Patent,  No.  96,198.  »  Ibid,,  No.  123,764.  *  Loc,  ctl.,  p.  i:.4 
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amperes  per  square  metre  and  a  potential  of  2  to  3  volts,  he 
obtained  from  cuttings  (free  from  solder)  a  spongy  metallic  precipi- 
tate, the  tempemture  of  the  bath  being  from  40°  to  50°  C. ;  the 
precipitate,  after  washing  and  drying,  could  be  melted  and  cast. 
The  bath  must  be  kept  distinctly  alkaline ;  as  the  quantity  of  tin 
Dxide  in  the  bath  increases,  alkali  must  be  added.  Towards  the  end 
3f  the  process  the  solution  becomes  so  concentrated  that  it  is  more 
profitable  to  work  it  up  for  jpreparing  salt,  by  evaporating  it  to 
iryness,  than  to  continue  the  electrolysis.  The  advantages  of  this 
process  are  stated  by  Borchers  ^  to  be,  the  possibility  of  completely 
removing  the  tin  from  the  cuttings,  the  production  of  a  residue  of 
;lean  sheet-iron,  the  possibility  of  producing  a  tin  quite  free  from 
iron,  the  practicability  of  using  an  iron  vessel  which  itself  forms  the 
jathode,  and  the  use  of  an  iron  basket  as  anode.  This  process^  has 
)nly  been  tried  in  a  small  way. 

Keith  uses  as  electrolyte  a  solution  of  caustic  soda  and  sea-salt, 
rhe  mixture  is  placed  in  an  iron  pan,  and  the  cuttings,  which  are 
connected  with  the  positive  pole,  are  hung  in  the  electrolyte  in  a 
3a.sket.     The  wall  of  the  vessel  serves  for  a  cathode. 

Beatson  ^  uses  a  hot  solution  of  soda,  to  which  potassium  cyanide 
las  been  added.  Iron  plates  are  used  as  the  anode,  or  the  wall  of 
he  vessel,  if  it  is  made  of  iron,  serves  the  purpose.  It  must  be 
Kjinted  out  that  a  solution  of  potassium  cyanide  is  rapidly  decom- 
)osed  when  kept  at  the  boiling  point. 

According  to  a  newer  patent*  the  inventor  uses  a  solution  of 
ilkaline  hydrate  as  electrolyte,  and  the  deposit  of  tin  obtained  is 
'lectrolytically  purified  in  a  solution  of  tin  chloride ;  in  order  to 
ibtain  the  tin  in  a  compact  form  it  is  deposited  on  revolving  rolls. 

Price  *  uses  soda  lye  as  electrolyte ;  there  are  others  who  do  the 
ame. 

Walbridge  makes  use  of  a  solution  of  caustic  soda  and  sodium 
litrate  for  the  purpose. 

Vortmann  and  Spitzer  proposed  that  their  above-mentioned 
nethod  for  the  extraction  of  tin  from  ores  should  also  be  applied  to 
he  recovery  of  tin  from  cuttings.  The  conversion  of  tin  into 
odium  sulphostannate  was  to  be  eflfected  by  heating  the  cuttings 
nth  half  their  weight  of  a  mixture  of  sulphur  and  soda-ash. 

Stclphide  of  Tin,  which  is  a  bye-product  in  the  preparation  of  some 
rganic  colouring  matters,  can  be  converted  into  sodium  sulpho- 
tannate  by  boiling  it  with  a  solution  of  sodium  polysulphides. 

>  Lor.  cit.,  p.  396.  ^  English  Patent,  No.  11,067,  Sept.  18th,  1885. 

»  Ihid.,  No.  12,200,  1892.     *  Ibid.,  No.  2,119,  1884. 
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As  acid  electrolytes,  sulphuric  acid  and  acid  sulphates  and  chloride 
have  been  proposed  by  Gutensohn,^  and  Fenwick.^ 

Changy  makes  use  of  a  solution  of  stannous  chloride  to  which 
ammonium  chloride  or  hydrochloric  acid  has  been  added. 

Raymond's  proposal  is  to  adopt  a  solution  of  stannous  chlondt 
at  5°  to  6°  JB.  acidified  with  hydrochloric  acid,  and  to  lead  the  curn-nt 
into  the  bath  through  iron  rods.*  Meyer*  electrolyses  at  high 
current  densities  in  dilute  hydrochloric  acid.  Quintaine^  propost^ 
to  use  acid  tin  sulphate  solution.  It  has  also  been  proposed  to  treat 
the  tin  clippings  outside  of  the  electrolytic  bath  with  ferric  or 
stannic  chloride,  and  to  electrolyse  the  solution  of  ferrous  and 
stannous  chloride  thus  produced,  using  anodes  of  carbon.  The  tin 
would  thus  be  deposited  and  the  solution  regenerated. 

The  following  method,  invented  by  Smith,  is  said  by  F.  Fischer'^ 
to  have  been  tried  in  Berlin  and  in  England.  Dilute  sulphuric  aciii 
is  the  electrolyte,  and  tinned  copper  plates  are  used  as  the  cathculc. 
The  tin  cuttings  themselves  form  the  anode  :  they  contain  from  3  ^» 
9  per  cent,  of  tin  and  are  suspended  in  a  wooden  cage  in  the  liquid. 
The  vats  are  lined  on  the  inside  with  caoutchouc.  The  cuttings  arc 
bound  together  with  long  strips  of  tinned  iron,  and  by  the  copp'  r 
wire  which  carries  the  current.  The  dynamo  gives  a  240  ampere 
current  with  an  electromotive  force  of  15  volts,  and  absorbs  7  hor^- 
power.  The  baths  are  8  in  number  and  are  5  feet  by  2  feet  4  inches 
by  3  feet  3  inches  in  size.  Each  set  of  four  is  formed  by  placing 
divisions  in  a  wooden  vat  10  feet  by  5  feet.  The  cathodes,  4  feet  by 
3  feet  by  0"06  inch,  are  suspended  vertically  in  front  of  the  anixlt.- 
at  distances  4  inches  apart. 

The  electrolyte  is  made  by  diluting  1  part  by  measui-e  of  sulphuri'' 
acid  at  60°  B.  with  9  parts  of  water. 

The  tin  separates  in  the  form  of  a  sponge  as  long  as  the  solutioK 
is  acid,  but  as  the  bath  becomes  more  and  more  neutral  the  dep»>i^ 
becomes  pulverulent  and  even  crystalline ;  it  is  purer  than  ordinary 
commercial  tin  and  dissolves  more  rapidly  than  the  granulated  mt'tal 
in  acids ;  it  is  therefore  used  for  the  preparation  of  tin  salta  A> 
.soon  as  the  tin  is  removed  from  the  surface  of  the  iron,  the  latt<T  i^ 
attacked  and  collects  in  such  quantities  in  the  electrolyte  that  th^ 
latter  must  be  renewed  every  seven  weeks ;  it  is  worked  up  for  the 
manufacture  of  green  vitriol. 

J  German  Patent,  No.  12,88.3.  -'  English  Patent,  No.  8,988,  of  1886, 

'  Electrottch.  Zeitschr.,  1892,  p.  573. 

*  U.S.A.  Patent,  No.  6(K),116.  »  German  Patent,  No.  118,.V>8. 

"  Wagner-Fischer'R  JahreflteincMe^  1885,  p.  173. 
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According  to  theory,  240  amperes  in  8  baths  should  yield  per 
hour  937  lbs.  of  tin  ;  actual  working,  however,  produces  only  the 
half  of  this  amount.  The  principal  reason  for  this  proportionally 
small  output  is  that  the  current  dissolves  iron  as  well  as  tin  as  soon 
as  the  former  is  exposed. 

Electrolysis  in  basic  baths  has  succeeded  on  a  large  scale,  e.g,,  at 
Goldschmidt's  works  in  Essen,  where  13,000  tons  of  tin  cuttings  are 
treated  yearly,  at  H.  W.  von  Linde's  works  in  Crefeld,  at  the  works 
of  the  Vulcan  Detinning  Co.  in  Sewaren,  N.J. ;  of  the  Ammonia  Co. 
at  Philadelphia,  and  of  Johnston  and  Jenning's  Co.  at  Cleveland  and 
Chicago. 

According  to  Mennicke  ^  the  anodes  consist  of  the  tin  clippings 
loosely  packed  in  wire  baskets,  the  cathodes  of  sheet-iron,  or  the  iron 
bath  itself,  the  electrolyte  of  caustic  soda  containing  6  to  7  per  cent. 
>f  Na^O.  This  strength  of  caustic  must  be  preserved  during  the 
course  of  the  electrolysis.  The  electrolyte  has  to  be  frequently 
replaced  since  it  changes  greatly  in  composition  during  the  process, 
jhrough  solution  of  tin,  absorption  of  carbon  dioxide  from  the  air,  and 
9recipitation  of  stannic  acid  by  the  carbon  dioxide  thus  absorbed. 
The  alkaline  bath  contains  on  an  average  3  to  5  per  cent,  of  caustic 
reckoned  as  NagO)  ;  1  to  1*5  per  cent,  of  NagO  is  in  combination 
rith  3  per  cent,  of  SnOg  (or  2*34  per  cent,  of  Sn)  in  the  form  of 
lodium  stannate,  and  1*7  to  28  per  cent,  of  Na^O  is  combined  with 
»rbon  dioxide  as  sodium  carbonate.  The  electrolyte  becomes 
gradually  more  concentrated  during  the  process  with  compounds 
kf  lead  and  iron,  and  with  soap,  which  arises  from  the  saponification 
>f  the  resin,  varnish,  and  fat  clinging  to  the  scrap  metal.  If  the 
lectrolyte  does  not  contain  chlorides,  then  but  little  iron  and  lead  is 
aken  up. 

The  liquor  is  regenerated  by  being  treated  hot  with  carbon 
lioxide,  which,  according  to  Mennicke,  precipitates  the  iron  and  lead 
s  carbonates  and  the  tin  as  stannic  acid ;  the  caustic  is  converted 
nto  carbonate  at  the  same  time,  and  caustic  soda  is  regenerated  from 
his  by  the  action  of  lime.  Soap  is  removed  by  cooling  the  liquor 
own  to  —  5®  C. 

The  baths  are  connected  directly  with  the  negative  leads,  and  the 
►ositive  leads  are  brought  in  contact  with  copper  bars  or  tubes, 
related  on  the  longer  sides  of  the  bath.  This  copper  is  put  in 
letallic  connection  with  the  iron  strips  wrapped  round  the  baskets, 

^  Zeit,  fur  Elektrochemie^  1902,  pp.  315,  ,357,  381.  Snmmlung  chem.  tech. 
''orfrdge  v<ni  AhrenM,  vol.  vii.  (Wiedergewinnnng  des  Zinns  von  WeisHblechabf alien), 
tuttgart,  1902.     Borchers,  Elektro-metalhmjie,  1903,  p.  460. 
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which  themselves  are  made  of  an  open  network  of  iron  wire.  The 
baskets  are  shaped  to  fit  into  the  baths,  and  are  of  such  size  that 
they  can  be  readily  moved  in  and  out  of  them.  If  the  baths  hold 
100  cubic  feet,  then  the  baskets  contain  100  lbs.  of  cuttings,  thi 
ratio  in  volumes  of  basket  to  bath  being  about  3 :  5.  This  suflSces 
to  prevent  short-circuiting  and  at  the  same  time  to  bring  down  the 
resistance  of  the  electrolyte  to  the  lowest  point.  The  baskets  aro 
hung  side  by  side  in  the  bath.  The  cathode  area  may  be  increased  by 
arranging  sheets  of  iron  between  the  baskets,  but  in  that  case  th^ 
baskets  must  be  set  somewhat  apart  in  order  to  prevent  short-circuit- 
ing. As  the  cuttings  must  be  loosely  packed  to  allow  of  the  frw 
passage  of  the  electrolyte  to  all  parts,  it  is  necessary  to  loosen  them 
often  during  the  coui-se  of  the  operation  with  iron  hooks. 

The  electrolyte  is  warmed  in  high-standing  tanks  by  fires  oi 
steam  to- 90°,  so  that  it  has  the  right  temperature  {GG^  to  70**  C.)  foi 
carrying  out  the  electrolysis.  The  liquor  is  led  from  these  tank^ 
into  a  main  pipe,  and  thence  by  separate  pipes  into  the  baths.  II 
flows  from  these  through  outlet  pipes  into  a  main  channel  and  thei 
into  a  collecting  pot,  from  which  it  is  raised  into  the  supply  tank 
The  outlet  pipe  is  fitted  with  a  sieve  and  overflow,  bo  that  fragmentJ 
of  tin  are  held  back. 

During  the  circulation  of  the  electrolyte  there  is  considerabl 
evaporation,  and  this  must  be  made  good  by  the  addition  of  ho 
water  (from  the  condensers).  According  to  Mennicke  there  ar 
7,000  cubic  feet  of  liquor  in  circulation  in  a  plant  of  50  baths,  each  ( 
100  cubic  feet  capacity,  and  the  loss  from  evaporation  is  350  cubi 
feet  per  24  hours. 

The  average  tension  of  the  baths  is  1'5  volts,  though,  owing  to  th 
uneven  character  of  the  anode  surfaces,  the  strength  and  tension  < 
the  current  are  constantly  varying.  The  time  taken  to  deprive  th 
cuttings  entirely  of  tin  is  from  5  tq  7  hours  when  the  average  tensi«^i 
is  1*5  volts  and  when  the  temperature  and  composition  of  the  elH 
trolybe  are  kept  fairly  constant  and  the  cuttings  are  similar  i| 
character.  In  a  year  of  300  working  days  9,000  tons  of  scrap  can  I 
worked  off  in  a  plant  consisting  of  60  baths  each  of  100  cubic  fe« 
capacity,  50  of  these  baths  each  with  3  baskets  holding  110  lb^. 
cuttings  being  in  constant  operation. 

The  tin  produced  is  spongy.     If  sufficiently  pure  it  is  washt- 
pressed,  thoroughly  dried,  and  melted  down  in  a  tin  bath  ;  if  impure 
it  is  treated  in  a  shaft  or  reverberatory  furnace.     The  iron  at: 
removal   of  the   tin   is   sold   for  treatment  in  the   Siemens-Mjii^- 
funifice.      Ari-angements    for  charging    and    withdrawing    the 
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cuttings  during  the  operation  have  been  proposed  by  Matthews  and 
Da  vies  ^  and  by  Coleman  and  Cruikshank.^  Becker  *  propases  pack- 
ing the  cuttings  in  a  perforated  wooden  box  of  rectangular  horizontal 
section,  the  sides  of  the  box  being  made  to  lift  up.  Metallic  con- 
nection is  set  up  through  pointed  vertical  rods  embedded  in  the 
cuttings,  and  metal  rods  attached  to  these  and  resting  on  top  of  the 
boxes.  It  may  be  noted,  however,  that  wood  is  attacked  by  caustic 
soda. 

The  Befining  of  Tin  by  Electro-wetallurgical  Methods, — A.  Brand  * 
has  carried  out  experiments  on  the  refining  of  tin  by  the  electric 
current,  but  this  method  does  not  seem  to  have  found  practical 
application.  These  experiments  showed  that  the  tension  in  a  bath 
with  tin  anodes  and  a  solution  of  stannous  chloride  containing  5,040 
grains  per  gallon  and  2*5  per  cent,  by  volume  of  concentrated 
hydrochloric  acid,  amounted  to  0058  volt  (148  amperes) ;  with  75 
per  cent,  of  hydrochloric  acid  it  was  only  0*031  volt. 

A  current  of  1  ampere  deposits  2195  grams  of  tin  per  hour: 
455'6  amperes  are  therefore  necessary  for  the  deposition  of  1  kilo,  per 
hour.  The  energy  required  for  the  extraction  of  1  kilo,  of  tin  per 
hour  may  be  calculated  as  : — 

0058 X 455-6  =  26424  Watts ; 
or 

26-424         26-424 


75  X  9-81        735 


H.-P. 


The  loss  of  energy,  in  the  conversion  of  mechanical  into  electrical 
energy,  may  be  taken  as  12  per  cent.  Further,  the  loss  due  to 
tonversion  of  electric  energy  into  heat,  short-circuiting,  &c.,  may  be 
;akcn  as  25  per  cent.,  so  that  the  actual  consumption  of  energy  may 
>e  reckoned  at 

0058  X  455-6 


735  X  0-88  X  0-75 


=  0054  H.-P. 


\.ssuraing  that  one  horse-power  per  hour  requires  2  kilos,  of  coal, 
he  coal  required  for  the  extraction  of  1  kilo,  of  tin  would  be  01 1 
:ilo.  As  the  principal  impurity  of  tin,  viz.,  iron,  collects  in  the 
electrolyte  and  is  not  separated  from  it,  fresh  quantities  of  electrical 
jnergy  will  be  continually  introduced  into  the  circuit. 
Claus  *  has  proposed  a  method  for  refining  tin,  which  according  to 

1   Knglish  Patent,  1900,  No.  21,533.  »  German  Patent,  No.  119,986. 

a  German  Patent,  No.  118,249  ;  English  Patent,  1900,  No.  3,524. 
*  Dammer,  Chem.  Tech.,  vol.  ii.,  pp.  27,  28,  324. 
5  Mekirochtm,  Zeitschr,,  viii.,  pp.  168,  169. 
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Cowper  Coles  has  been  used  on  a  practical  scale.  The  electrolyte 
consists  of  sodium  sulphostannate,  and  the  anodes  of  the  tin  to  be 
refined.  The  impurities,  all  but  antimony  and  arsenic,  collect  in  the 
anode  slimes  or  (as  in  the  case  of  gold,  silver,  zinc,  lead,  copper,  and 
iron)  are  precipitated  as  sulphides.  Antimony  and  arsenic,  if  present, 
are  precipitated  on  the  cathode  along  with  the  tin.  In  this  case,  the 
cathode  deposits  are  used  as  anodes  in  a  bath  containing  a  solution  of 
sodium  thiosulphate  in  hydrochloric  acid ;  this  effects  the  removal  ot 
the  antimony  and  arsenic  as  insoluble  sulphides.  The  best  results 
have  been  obtained  by  using  a  solution  of  sodium  sulphostannatt 
heated  up  to  90°  C,  the  specific  gravity  of  the  solution  being  107 
and  the  current  density  90  amperes  per  square  yard. 

In  some  cases  Glaus  uses  a  solution  of  sodium  sulphide,  or  of 
caustic  soda  or  potash,  as  electrolyte.  Sodium  sulphostannate  solution 
can  be  prepared  by  melting  impure  tin  with  the  equivalent  amount 
of  sulphur  and  soda,  or  with  sodium  sulphate  and  carbon ;  the  melt 
is  dissolved  out  with  water.  The  difficulties  in  the  preparation  i>f 
this  compound  have  already  been  described. 


ANTIMONY 


Physical  Properties 


Antimony  is  characterised  by  its  great  brilliancy  and  by  its 
colour,  silver  white  with  a  slight  tinge  of  blue  ;  the  latter  is  increased 
by  the  presence  of  impurities  in  the  metal.  When  deposited  from  a 
s<jliition  by  zinc  it  takes  the  form  of  a  black  powder.  When  melted 
antimony  is  allowed  to  cool  slowly,  it  exhibits  a  coarsely  foliated 
•structure  ;  rapid  cooling  makes  it  granular  and  crystalline.  Antimony 
crystallises,  like  the  isomorphous  metals  bismuth,  arsenic,  and  tel- 
lurium, in  the  forms  of  the  hexagonal  system.  Its  specific  gravity 
has  been  determined  to  lie  between  6*6  and  6*8.  Schroder  has  given 
it  t'ls  6697  compared  with  water  at  4°  C. 

Antimony  is  brittle  and  can  easily  be  powdered  in  a  mortar.  It 
is  harder  than  copper.  Its  coefficient  of  linear  expansion  by  heat 
between  0"*  and  100°  C.  is, according  to  Calvert  and  Johnson,  0000985. 
It  melts  between  440°  and  450°  C.  (Pictet).  In  passing  from  the 
liquid  to  the  solid  state  it  does  not  expand  as  bismuth  does. 
Camelly  and  Carleton- Williams  stiite  that  its  boiling  point  is  between 
1090'  and  1450''  C.  According  to  Demarcay  it  boils  in  a  vacuum  at 
the  temperature  of  292^  C.  It  burns  in  the  air  forming  oxides,  but 
5an  be  distilled  in  a  stream  of  hydrogen. 

When  pure  molten  antimony  is  allowed  to  solidify  slowly  and 
ivithout  disturbance  under  a  layer  of  slag,  a  fern-like  appearance;  of 
nised  lines  radiating  from  the  centre,  appear  on  the  solidified  surface 
>f  the  metal.  This  is  the  so-called  "  antimony  star "  or  "  regulus 
intiinonii  stellatus."  On  small  castings  there  will  be  only  one  such 
tar  in  the  middle  of  the  surface,  but  larger  castings  will  show  many 
ntersecting  ones. 

This  appearance  is  not  produced  in  impure  antimony  nor  in  the 
mre  metal  unless  it  is  kept  very  still  and  covered  during  cooling  by 
^  layer  of  slag.     As  it  is  generally  regarded  as  an  indication  of  the 
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purity  of  the  inehil,  pure  antimony,  which  does  not  pastsess  it,  i^ 
always  re-melted  and  cooled  under  the  required  conditions.  If 
molten  antimony  be  allowed  to  fall  upon  a  sheet  of  paper,  it  is  brok»iii 
up  intK)  numerous  small  drops  which  burn  with  great  brilliancy. 

Its  specific  heat,  as  determined  by  Regnault  between  0'  an<i 
100"*  C,  is  0*0508.  Its  conductivity  for  heat,  compared  with  that  of 
silver  as  1000,  was  determined  by  Calvert  and  Johnson  :  along  it> 
axis  of  crystallisation  it  is  215,  and  at  right  angles  to  this  direction  it 
is  192.  Its  electrical  conductivity,  compared  with  that  of  silver  5i< 
100,  is  4-29  at  187°  C,  according  to  Matthiessen. 

Commercial  antimony  is  generally  contaminated  by  small  quanti- 
ties of  sulphur,  arsenic,  lead,  copper,  and  iron.  These  cause  the  above- 
mentioned  blue  tinge  in  its  colour. 

Properties  of  Antimony  and  of  its  Compounds  ^vhich  are 
OF  Importance  for  its  Extraction 

Antimony  is  not  affected  by  exposure  to  air  at  ordinary  tempi-m- 
tures,  but  at  temperatures  above  its  melting  point  it  oxidises  rapidly. 
Metal  which  has  been  reduced  from  the  oxides  by  charcoal  in  pn^i'Dtv 
of  alkalies  frequently  tarnishes  in  the  air.  The  cause  of  this  is  said 
to  be  a  small  quantity  of  alkali  which  is  retained  by  the  metal  and 
absorbs  moisture  with  liberation  of  hydrogen. 

When  antimony,  which  has  been  raised  to  a  red  heat,  is  allowed  ^» 
fall  from  a  sufficient  height  on  to  a  plate,  it  is  dissipated  in  a  mass 
of  brilliant  sparks,  forming  a  dense  white  cloud  of  oxide. 

Aiitimony  is  attacked  by  hydrochloric  acid  only  when  it  is  in  tht* 
state  of  very  fine  powder:  hydrogen  is  then  liberated.  Sulphuric 
acid  does  not  attack  it,  when  dilute :  the  hot  concentrated  acid. 
however,  forms  with  it  antimonious  sulphate,  sulphur  dioxide  beiiiij 
at  the  same  time  liberated.  Nitric  acid  attacks  antimony,  producinj,' 
according  to  its  temperature  and  degree  of  concentration,  a  mixtun 
of  the  trioxide  and  tetroxide  of  the  metal  in  different  proportiimN 
These  oxides  are  insoluble  in  the  acid. 

.  Aqua  regia  in  the  cold  dissolves  antimony  easily,  forming  iIr 
penta-chloride. 

In  a  current  of  steam,  at  a  red-heat,  antimony  is  slowly  con- 
verted into  oxide. 

When  ignited  with  nitre  and  soda  it  explodes,  fonning  an 
alkaline  antimoniate  :  with  a  smaller  proportion  of  nitre  it  also  fonn- 
some  trioxide. 

The  metalloids,  with  the  exception  of  boron,  carbon,  and  siliaui, 
all  form  compounds  with  antimony. 
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Antimony  Hydride,  SbHj 

Antimony  forms  only  one  compound  with  hydrogen,  antimon- 
united  hydrogen.  This  is  a  colourless,  inflammable  gas,  which  burns 
with  a  greenish  flame  producing  a  white  smoke  of  steam  and 
antimony  trioxide.  It  is  formed  when  hydrogen  is  generated  in  the 
presence  of  a  soluble  antimony  compound,  or  when  alloys  of  antimony 
with  the  alkali  metals  are  decomposed  by  water,  or  when  an  antimony- 
zinc  alloy  is  treated  with  sulphuric  or  hydrochloric  acid.  When  this 
gas  is  led  through  a  heated  glass  tube,  antimony  is  deposited  in  the 
cold  part  of  the  tube  in  the  form  of  a  mirror.  If  a  mixture  of  this 
gas  with  hydrogen  be  passed  through  a  solution  of  silver  nitrate,  a 
black  precipitate  of  silver  antimonide,  SbAgg,  and  silver  is  deposited. 

OXIDES  OF   ANTIMONV 

Antimony  forms  three  oxides:  Antimony  trioxide,  Sb^Oa,  Anti- 
mony tetroxide,  Sb^O^,  and  Antimony  pentoxide,  Sb^Og.  The 
jK-'ntoxide  forms  two  acid  hydrates — Antimonic  acid,  HSb03-f-2H20, 
and  metantimonic  acid,  H^Sb^Oy. 

Antimony  Trioxide  or  Antimonioics  Oxide,  SbgOg, 

is  formed  by  heating  antimony  or  sulphide  of  antimony  in  the  air ; 
it  is  a  white  powder  which  becomes  yellow  when  heated,  regaining 
its  whiteness  on  cooling.  It  melts  at  a  dark  red  heat  forming  a 
yellow  liquid  which  solidifies  to  a  grey  mass  resembling  asbestos. 
It  is  volatile,  and  can  be  sublimed.  If  heated  in  the  air  it  is 
converted  into  the  tetroxide,  which  is  not  volatile.  If  the  vaporised 
trioxide  and  air  be  passed  over  ignited,  finely  divided  oxides  of  those 
metals  which  form  compounds  with  antimonic  acid,  the  latter  is 
formed  and  combines  with  the  oxides  producing  antimoniates. 

It  is  insoluble  in  water,  sulphuric  acid,  or  nitric  acid,  but  is 
easily  dissolved  by  hydrochloric  and  tartaric  acid  and  by  caustic 
alkalies.  With  antimony  sulphide  it  melts  without  decomposition, 
forming  the  so-called  antimony-glass.  The  trioxide  is  poisonous, 
es{)ecially  in  the  form  of  vapour. 

Antimony  Tctravid3  or  Antimonic  Antimoniate ,  SbgO^, 

is  a  white  powder  which  is  neither  fusible  nor  volatile.  It  can  be 
prepared  by  heating  the  trioxide  in  the  air  or  by  igniting  the 
pentoxide.  Hydrochloric  acid  dissolves  it  readily.  It  is  a  metal- 
lurgical product,  being  known  under  the  name  of  "  antimony  ash  "  or 
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"  cinis  aatimonii,"  but  in  this  form  always  contains  some  trioxidf. 
If  the  antimony  ash  be  ignited  with  charcoal  and  alkaline  carbonates, 
metallic  antimony  is  obtained ;  if  the  alkali  be  omitted,  the  greater 
portion  of  the  antimony  will  be  volatilised  as  trioxide,  a  small  pan 
only  being  obtained  in  the  metallic  state. 

If  the  tetroxide  be  fused  with  metallic  antimony  in  the  propt-r 
proportion,  the  trioxide  is  formed  : — 

3Sb20,+2Sb  =  43^03. 

When  the  tetroxide  is  fused  with  antimony  sulphide  in  suitable 
proportions,  sulphur  dioxide  is  liberated,  and  the  trioxide  is  formed 
which,  however,  always  retains  more  or  less  of  the  sulphide : — 

SbgSj + gSbgO^  =  1  OSb^Oj + SSO^. 

This  impure  trioxide  of  antimony,  the  colour  of  which  varies  with 
the  quantity  of  sulphide  it  contains,  is  known  as"  antimony-glasi>," 
and  is  used  as  a  colouring  matter  in  glass  making,  more  especially 
in  the  preparation  of  artificial  gems. 

ArUimony  Pentoxide  or  Antimonic  Anhydi^ide^  Sb^Os- 

This  is  a  bright  yellow  powder  and  can  be  prepared  by  treatint; 
antimony  with  nitric  acid.  The  powder  obtained  must  be  repeatedly 
evaporated  to  dryness  with  nitric  acid  to  completely  oxidise  the  tri- 
and  tetroxides  which  are  at  first  formed,  and  the  residue  gently 
ignited. 

The  pentoxide  is  insoluble  in  water  and  in  nitric  acid,  but 
dissolves  slowly  in  concentrated  hydrochloric  acid ;  it  is  converto<i 
on  ignition  into  the  tetroxide. 

Antimonic  anhydride  forms  two  hydrates,  each  of  which  form> 
a  scries  of  salts,  viz.  : — 

Antimonic  acid,  HSb03+2H20,  and 
Mctantimonic  acid,  H^Sb207. 

Antimonic  acid  is  used  to  replace  arsenic  acid  in  the  niauufactup 
of  aniline  yellow  and  aniline  red, 

CHLORIDES  OF  ANTIMONY. 

Antimony  forms  two  compounds  with  chlorine,  viz. : — 

Antimonious  chloride  or  antimony  trichloride,  SbCl,,,  and 
Antimonic  chloride  or  antimony  pentachloride,  SbClg. 
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The  trichloride  is  fomied  when  antimony  trisulphidc  is  boiled 
with  concentrated  hydrochloric  acid ;  also  when  the  metal  or  the  tri- 
sulphide  is  heated  with  corrosive  sublimate.  It  is  soluble  in  hydro- 
chloric acid,  is'  volatile,  and  can  easily  be  distilled.  When  the 
solution  of  it  in  hydrochloric  acid  is  diluted  with  water,  white  basic 
chloride  of  antimony  is  precipitated  :  this  is  known  as  "  powder  of 
Algaroth,"  and  was  formerly  used  in  medicine. 

The  pentachloride  is  formed  with  evolution  of  light  when 
chlorine  acts  on  antimony.  According  to  Gore,  antimony  in  the 
fonn  of  a  grey  amorphous  mass  is  deposited  when  a  strongly  acid 
solution  of  the  pentachloride  is  electrolysed.  This  contains,  in  addi- 
tion to  small  quantities  of  free  hydrochloric  acid,  from  3  to  20  per 
'ont.  of  antimony  pentachloride,  and  explodes  if  heated  to  200°  C. 

SULPHIDES   Ot:   ANTIMONY. 
There  are  two  compounds  of  sulphur  and  antimony,  viz. : — 
Antimony  trisulphide,  SbgSj,  and 
Antimony  pentasulphide,  Sb^Sg. 

The  trisulphide  is  known  in  both  the  crystalline  and  the 
uiorphous  condition.  The  crystalline  form  is  found  in  nature  as  anti- 
nony  glance  or  stibnite  ;  it  possesses  ja,  greyish  black  colour,  metallic 
iistre  and  crystalline  structure.  It  can  be  melted,  out  of  contact 
kith  the  air,  at  a  red  heat,  and  volatilises  without  decomposition  at  a 
trong  white  heat. 

The  amorphous  trisulphide  can  be  prepared  artificially,  and 
ossesses,  acconling  to  the  method  of  its  preparation,  a  red  or  orange 
olour. 

The  red  trisulphide,  which  formerly  was  used  in  medicine  under 
le  name  of**  Kermes  mineral,''  can  be  prepared  by  boiling  antimony 
lance  with  carbonate  of  potash  or  soda.  The  antimony  sulphide  is 
eposited  from  the  solution  on  cooling  as  a  reddish-brown  powder.  It 
Iways  contains  variable  quantities  of  antimony  trioxidu  and  alkali. 

The  orange-coloured  trisulphide  can  be  obtained  by  precipitating 
solution  of  an  antimonious  salt  with  sulphuretted  hydrogen:  this 
recipitate  always  contains  water.  The  so-called  antimony  cinnabar 
a  red  amorphous  trisulphide  containing  the  trioxide  ;  it  is  prepared 
y  treating  a  solution  of  antimony  in  hydrochloric  acid  with  thio- 
ilphate  of  calcium  or  thiosulphate  of  sodium.  It  is  used  as  a  pig- 
lent  in  oil  painting,  on  account  of  its  fiery  red  colour. 

When  antimony  sulphide  is  calcined  in  a  current  of  air,  antimony 
ioxide  and  sulphur  dioxide  are  formed,  the  former  being  partly 
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volatilised,  and  partly  converted  into  the  tetroxide ;  the  sulphate  is 
not  formed.  The  trisulphide  is  easily  fused,  and  therefore  the  roasting 
of  it  is  difficult. 

When  a  mixture  of  air  and  steam  is  passed  over  the  trisulphide  th«* 
trioxide  is  formed  with  liberation  of  sulphuretted  hydrogen ;  in  thi^ 
case  also  the  sulphate  does  not  appear  to  be  produced.  Antimony  is 
reduced  from  the  trisulphide  at  a  red  heat  by  the  action  of  hydrogen 
hydrocarbons,  iron,  and  zinc.  According  to  Earsten,  charcoal  has  the 
same  effect,  but  only  at  a  temperature  above  the  boiling  point  of  the 
metal. 

The  trisulphide  is  soluble  in  hot  concentrated  hydrochloric  acid. 
forming  antimony  trichloride.  If  it  be  treated  with  a  solution  of  a 
caustic  alkali  or  an  alkaline  carbonate,  or  of  an  alkaline  sulphide,  ur 
if  it  be  fused  with  these  bodies  in  the  solid  state,  substances  calle<i 
sulphantimonites  are  produced,  e,g, 

28^83 + 4K0H  =  3KSbSj  +  KSbO^ + 2H2O. 

These  sulphantiinoniteB  are  soluble  in  water  when  they  contain  a 
large  proportion  of  basic  sulphides,  but  a  large  proportion  of  antimony 
renders  them  insoluble.  The  trisulphide  and  the  trioxide  do  not 
mutually  decompose  each  other  as  is  the  case  with  galena  and 
litharge,  but  fuse  together  undecomposed  to  form  the  so-calledl 
antimony-glass. 

When  the  trisulphide  is  fused  with  the  penta-  or  tetroxide,  sul- 
phur dioxide  and  the  trioxide  are  formed  :  the  latter  takes  up  some  o\ 
the  undecomposed  trisulphide  and  forms  with  it  antimony-glass. 

The  pentasulphide  of  antimony,  SbgSg,  is  an  orange-colouri  d 
powder,  known  in  medicine  as  golden  sulphide  of  antimony.  It  caii 
be  obtained  by  the  action  of  sulphuric  acid  on  the  so-called  sulphan- 
timoniates.  These  latter  substances  are  prepared  by  boiling  antimony 
glance  with  a  solution  of  an  alkaline  polysulphide,  or  by  fusing  il.| 
two  substances  together  in  the  solid  state.  Schlippes  salt,  NajSbS^-}- 
9H2O,  is  one  of  these  sulphantimoniates. 

The  pentasulphide,  when  heated  in  the  absence  of  air,  yields  th  1 
trisulphide,  sulphur  being  separated. 

Hydrochloric  acid  converts  it  into  the  trichloride  with  separation 
of  sulphur.  In  other  respects  the  pentasulphide  behaves  like  th-i 
trisulphide.  It  is  used  principally,  at  the  present  time,  as  a  n-*! 
pigment  and  for  vulcanising  india-rubber. 

OXY-SALTS   OF   ANTIMONY. 

The  most  important  of  these  is  tartar  emetic  or  potassium  stibnl 
tartrate,  C^H4K(SbO)Og,  used  in  medicine. 
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ALLOYS  OF   ANTIMONY. 


Antimony  alloys  with  most  metals,  making  them  brittle.  It  is 
added  to  lead  to  harden  it.  When  alloyed  with  tin  it  renders  it 
silvery  in  appearance,  increases  its  hardness,  and  raises  its  melting 
point.  The  alloys  of  tin  and  antimony  have  been  exhaustively 
studied  by  Staed. 

The  most  important  alloys  of  antimony  are  type-metal,  which 
consists  of  lead,  tin,  and  antimony,  or  of  only  lead  and  antimony ; 
hard-lead,  produced  by  working  lead  ores  which  contain  antimony,  and 
which  consists  of  lead  and  antimony  in  very  varying  proportions ; 
hrUannia-rnetal  and  white-,  bearing-,  or  antifriction-metal,  which  consist 
principally  of  antimony  and  tin,  with  addition  of  lead,  copper,  zinc, 
bismuth,  and  nickel.  BrUannia-metal,  which  is  used  for  the  manu- 
facture of  teapots,  spoons,  plates,  &c.,  contains,  according  to  Ledebur, 
tin  85  to  93  per  cent.,  antimony  up  to  10  per  cent.,  and  copper  up  to 
3  per  cent.     English  plate petvter  and  queens-metal  are  similar  alloys. 

Antimony  Ores. 
Antimony  Glance,  Sb^Sj. 

Antimony  glance  is  the  most  important  ore  of  antimony :  it  is 
ilso  known  by  the  following  names — grey  antimony  ore — antimonite 
—stibnite.  It  contains  71*77  per  cent,  of  antimony  and  2823  per 
3ent.  of  sulphur.  It  occurs  in  long  rod-like  or  needle-like  rhombic 
crystals,  or  in  the  massive  state,  or  disseminated  in  fibrous  or  com- 
pact particles.  It  frequently  contains  gold  and  silver,  and  usually 
irsenic  also;  its  more  commonly  associated  minerals  are  quartz, 
jalc-spar,  heavy-spar,  and  spathic  iron  ore ;  zinc  blende  and  galena 
requently  occur  intimately  mixed  with  it. 

It  occurs  in  Germany  (Arnsberg,  Erzgebirge,  Fichtelgebirge,  the 
3arz),in  Bohemia  (Milleschau,  Hate,  Brodkowic,  Przibram,  Schonberg, 
tfichaelsberg),  in  Hungary  (Kremnitz,  the  Rechnitz  Hills,  Toplitzka, 
>chemnitz,  Felsobanya,  Nagybanya,  Dobschau,  Rosenau,  Gisno,  Gross- 
jrollnitz,  Magurka),  in  Servia  (Losnica,  Kostajnik),  in  Bosnia, 
Serajewo),  in  France  (Auvergne,  Gard,  Ardeche,  Aude,  Vendee, 
jyonnais.  Haute  Loire,  Bouc,  Sep temes  near  Marseilles,  and  the  Cantal, 
Corsica),  in  Italy  (Tuscany  and  Sardinia),  in  England  (Cornwall),  in 
Spain  (Estremadura  and  Badajoz,  Caurel,  Brollon,  Orense),  in 
i*ortugal  (Oporto  and  Braganza),  in  Algiers  (Province  of  Constantine), 
a  Canada  (Rawdon,  Nova  Scotia),  in  California  (Havilah,  Bousby, 
Srskine  Creek,  Grace  Darling,  Padre,  San  Emidio  in  Kern  County, 
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Crowell  in  Riverside  County  ^),  Nevada,  Arkansas  (Sevier  Count}  I 
Utah  (Garfield  County),  Idaho  (Kingston),  South  Dakota,  Mexic.«, 
Nicaragua,  Chili,  Peru,  Turkey  (Adrianopolis  Monastyr,  Eozdaii. 
Mytilene,  Chios,  Aidin,  Endeniisch)  ;  in  Asia  it  occurs  in  Bomeu, 
India,  Tenasserim,  Shigri,  Jhelum  District  ^), .  China  (Nanoing, 
Ssucheng,  Taiping  and  Hsilin  Districts^),  Japan  (Nara,  Ehrmc, 
Yamaguchi  near  Kioto)  ;  in  Australia  it  is  found  in  New  South  Waits. 
Victoria,  and  New  Zealand,  New  Caledonia. 

Native  Antimony, 

Native  antimony  occurs  but  rarely,  and  is  not  a  source  of  any 
importance. 

0.ii(le  of  AiUimo^iy,  SbgOa, 

otherwise  known  as  white  arUiviony  or  antiinoruy  blooni,  is  dimorphous: 
the  rhombic  form  is  named  valeiiiinUc  and  the  cubic  f«)nn 
seTuiimonite ;  it  contains  83*4  per  cent,  of  antimony,  and  160  «»i 
oxygen  ;  it  is  formed  by  the  weathering  of  arUiiiiony-glance  or  of 
7iative  mUimony^  and  occurs  in  the  upper  portions  of  antimony  oro 
deposits.  The  localities  where  this  ore  occurs  most  freely  are  :  St^nsii 
and  Haminate  in  the  Province  of  Constantine  in  Algiers,  Borneo,  an<l 
Sonora  in  Mexico. 

The  other  antimony  minerals  occur  in  comparatively  snmll 
quantity  and  do  not  constitute  the  basis  for  special  process*^. 
Among  these  are : — red  antimony  ore,  also  known  as  antimonif 
hleinh  or  ^jyrostilbite  (2Sb2S3  +  SbgOj),  containing  75  per  cent.  «if 
antimony,  20  of  sulphur,  and  5  of  oxygen,  and  found  in  Tuscany,  Canaila  | 
(Southam),  Braunsdorf  (Saxony),  and  Przibram ;  antimony  ochre  or 
ceo^antite  (Sb^O^),  occurring  in  Tuscany.  Antimony  is  alst)  i^ 
constituent  of  many  lead-,  copper-,  and  silver-ores,  especially  th- 
latter.  Among  these  may  be  mentioned  hounionite, zxTikeniie,  jamesn- 
ite,  plagionite,  feather-oi^e,  toolfshei^gite,  polyboMte,  prouatite^  afUimmi'V 
nickel,  antimonial  silver,  miargyrUe,  berthierite,  baul-angerite,  and  th» 
fahl'Oi'es,     Galnui  also  very  frequently  contains  antimony. 

In  addition  to  the  minerals  mentioned  above,  the  following  aro 
sometimos  sources  of  antimony: — (1)  Speiss,  containing  antimony 
obtained  in  working  copper-  and  silver-ores  which  contain  antinionv. 
(2)  Residues,  &c.,  which  contain  antimony  obtained  in  liquating 
antimony  glance,  (3)  Dross,  obtained  in  antimony  smelting,  h 
the  working  of  galena  which  contains  antimony,  the  latter  nut.a; 

»   Tht  State  Miiieraloyifit,  1896. 

^  The  Mi»,  I»tl,  18»8,  p.  5.3.  =»  Itnd, 
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for  the  most  part  alloys  with  the  lead  produced,  forming  the  so-called 
hard-lead. 

The  Extraction  of  Antimony. 

The  principal  source  of  antimony  is  antimony-glance ;  the  other 
ores  occur  in  too  small  quantity  to  form  the  subject  of  independent 
processes,  ahd  are  therefore  worked  with  antimony-glance. 

The  extraction  is  conducted  principally  by  dry  methods;  pro- 
posals have  been  made  for  the  use  of  wet  processes  and  also  of 
electro-metallurgical  methods,  but  these  have,  as  yet,  not  found 
practical  application. 

Antimony  obtained  by  dry  methods  is  always  contaminated  by 
foreign  metals,  and  accordingly  has  to  be  refined  :  this  is  usually  done 
in  the  dry  way. 

Sulphide  of  antimony  is  used  to  a  large  extent,  especially  as  a 
jjaint  for  .ships  bottoms :  it  is  therefore  the  object  of  preparation  in 
a  special  industry,  which  consists  in  simply  liquating  it  from  the 
other  minerals  and  rocks  which  accompany  it  in  its  ores.  The 
product  of  this  process  is  called  ci^iide  antimony;  metallic  anti- 
mony is  known  as  antimony  reg^dus.  The  liquation  of  antimony- 
glance  is  also  sometimes  the  first  step  in  the  extraction  of  the  metal, 
but  at  present  is  seldom  resorted  to,  although  the  residues  from  it 
are  worked  up  to  extract  the  metal  they  retain.  We  have  therefore 
to  describe : — 

I.  The  extraction  of  antimony  in  the  dry  way. 
II.  The  proposals  for  extracting  antimony  by  wet  methods. 
III.  The  propos*ils   for   extracting  antimony   by   electro-metal- 
lurgical processes. 

The  production  of  antimony  is  in  the  hands  of  a  few  people,  and 
whatever  progress  has  been  made  in  recent  years  is  kept  secret. 
Thus,  in  compiling  this  account,  the  author  has  had  to  confine  him- 
self practically  to  the  somewhat  fragmentary  literature  on  the 
i*ubject. 

I.  The  Extraction  of  Antimony  in  the  Dry  Way. 

The  ti-eatment  of  ores  containing  antimony  glance  may  have  for 
its  object,  as  already  explained,  either  the  preparation  of  crude 
mtimony  or  the  extraction  of  antimony  regulus.  In  the  latter  case 
the  product  will  need  to  be  refined.  We  must  therefore  distinguish 
Ixtween  : — 

A.  The  treatment  of  antimony-glance  for  the  preparation  of  crude 
mtimony. 
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B.  The  treatment  of  antimony-glaDce  and  other  ores  of  antimonv 
for  the  extraction  of  the  metal. 

C.  The  refining  of  antimony. 


A.  The  Treatment  of  Antimony-glance  for  the  Production 
OF  Crude  Antimony. 

Ores  containing  more  than  90  per  cent,  of  antimony  sulphide  are 
used  as  crude  antimony  after  being  ground,  without  further  treat- 
ment. Ores  containing  less  than  90  per  cent,  and  as  low  as  40  or  50 
per  cent.,  are  subjected  to  liquation,  if  the  pieces  are  of  the  right  size. 
2>.,  larger  than  hazelnuts,  best  about  walnut  size.  Small-graine<l 
ore  and  ores  with  a  low  percentage  of  antimony  sulphide  are,  a> 
pointed  out  above,  worked  up  for  the  production  of  the  metiil. 
(Small-grained  ore  could  be  worked  for  crude  antimony  by  fusion 
in  furnaces.) 

The  liquation  of  antimony  sulphide  from  its  accompanying 
minerals  and  rock  is  possible  on  account  of  its  comparatively  lew 
melting  point,  below  a  red  heat  The  maintenance  of  the  proper 
temperature  is  of  the  greatest  importance,  for  at  temperatures  abovt- 
a  red  heat  the  sulphide  is  volatilised,  and  at  too  low  tempeRltu^•^ 
the  residues  contain  large  quantities  of  antimony.  The  size  of  the 
pieces  of  ore,  too,  has  considerable  effect  on  the  result ;  the  smaller 
they  are  the  less  complete  is  the  liquation,  and  the  richer  are  th^ 
residues,  and,  further,  fine  ores  lie  so  close  together  that  the  fusei 
sulphide  is  imable  to  escape.  The  best  size  is  proved  to  bo  that  i>f 
walnuts.  Fine  ores  with  low  percentage  of  metal  give  a  better  result 
if  treated  for  the  production  of  regulus. 

In  commerce  great  importance  is  attached  to  the  radiate<i 
structure  of  the  product:  this  is  obtained  by  slow  cooling  of  th«^ 
liquated  sulphide  ;  if  it  is  rapidly  cooled  this  structure  is  absent 

The  liquation  can  be  done  in  closed  or  in  open  (reverberator)! 
furnaces.  In  closed  furnaces  the  ore  is  contained  in  pots  or  tube?, 
while  in  the  reverberatory  furnace  it  lies  exposed  on  the  bed.  Thv 
closed  furnaces  use  more  fuel^  and  cost  more  for  labour,  than  the  open 
ones,  but  they  extract  a  larger  proportion  of  the  sulphide  than  th»' 
latter,  which  lose  considerable  quantities  by  volatilisation  ami 
oxidation.  Reverberatory  furnaces  are  prefenible  if  the  quantity  t«' 
be  treated  is  great. 
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1.   LKiUATION   IN   CLOSED   FURNACES. 

The  melting  is  done  in  pots  or  in  tubes.  If  pots  are  used,  they 
ire  either  directly  surrounded  by  the  burning  fuel  or  are  heated  by 
jhe  flame  from  a  fireplace.  The  latter  method  is  always  adopted 
kvhere  tubes  are  used.  Pots  are  worked  intermittently,  but  pipes 
permit  the  adoption  of  continuous  work  with  corresponding  economy 
11  fuel. 

a.  Liquation  in  Pots, 

Pots  directly  in  contact  with  the  fkul  are  used  at  Wolfsberg  in  the 
iarz,  at  Magurka,  Rosenau,  and  Gross-Gollnitz  in  Hungary,  at 
rfilleschau  in  Bohemia,  and  at  Malbosc  in  France,  This  method 
equires  a  high  consumption  of  fuel,  but  has  the  advantage  that  it 
an  be  conducted  at  the  mine  on  account  of  the  simplicity  of  the 
iirnace.  It  is  therefore  used  where  the  ores  are  rich  and  fuel  (wood 
r  coal)  is  cheap  at  the  mine. 

The  pots  are  made  of  fireclay,  and  hold  from  11  to  56  lbs.  In  the 
K>ttom  of  each  there  are  4  or  5  holes,  0*4  to  0*6  inch  in  diameter, 
tirough  which  the  molten  sulphide  escapes.  These  rest  on  receivers 
f  burnt  clay  which  collect  the  liquid  crude  antimony.  The  receivers, 
1  order  to  ensure  the  slow  cooling  of  the  contents,  are  bedded  in  sand, 
shes,  or  breeze.  The  pots  are  placed  in  a  row,  there  being  some- 
imes  several  of  these  at  regular  distances  apart ;  20  or  30  pots  form 
ne  row.  The  space  in  which  they  are  placed  is  enclosed  by  a  low 
all  of  dry  masonry.  The  space  between  the  cnicibles  and  between 
lem  and  the  wall  is  filled  with  fuel,  coal  or  wood  being  used.  The 
^[uation  takes  from  2  to  12  hours  according  to  the  size  of  the  charge. 
t  its  conclusion  the  pots  are  lifted  off  the  receivers,  emptied,  and  again 
larged  and  placed  in  position.  The  receivers  are  in  some  places 
nptied  after  each  charge  and  in  others  left  till  they  are  full.  The 
rsidues  contain,  as  a  rule,  not  less  than  12  per  cent,  of  sulphide. 

Fig.  434  shows  the  arrangement  of  an  earlier  liquation  plant  at 
^olfeberg  in  the  Harz.^ 

Here  a  is  the  pot  with  holes  in  the  bottom  for  the  escape  of  the 
juid  sulphide,  b  is  the  receiver  surrounded  with  a  bed  of  non-con- 
icting  material  to.  pre  vent  the  rapid  cooling  of  its  contents,  m  is 
e  wall,  which  in  this  instance  encloses  only  one  row  of  pots ;  it 
built  of  dry  masonry  and  is  provided  with  draft  holes.  The  height 
the  pot  is  about  12  inches,  the  diameter  8  inches,  and  it  holds 
:  lbs. 

*  Kerl,  MetallhuUenhinUe,  p.  520. 
VOL.    II  O  O 


562 


METALLURGY 


At  Malbosc  (Ardeche),  in  France,  the  charge  per  pot  is  33  Ik 
After  4  charges  (40  hours)  the  receiver,  being  full,  is  emptied.    IdI 


^^^ 


/ 


Fio.  434. 


the  40  houi-s  20  pots   produce    1,050  lbs.  of  the  sulphide   with  ^ 
consumption  of  fuel  of  3,330  lbs.  of  coal  and  448  lbs.  of  brush\\Hx>d. 

FoU  heated  ly  a  flame  permit  of  greater  economy  of  fuel  iiai 
also  facilitate  the  working  of  poorer  ores,  but  the  labour  is  m<»n^ 
severe  on  the  workmen  than  in  the  method  previously  descriU-^i 
These  pots  are  placed  in  a  furnace  on  each  side  of  the  fire,  or  art 
arranged  in  a  circle  round  it :  the  receivers  for  the  melted  sulphio 

are  either  placed  below  the  U  ^ 
of  the  furnace  surroundtHi  1 
sand  and  out  of  contact  \^i: 
the  flame,  or  they  an*   plu'  - 
entirely  outside    the    fum..- 
being  connected  with  tht*  li'j  i 
tion  pots  by  a  clay  piix*.    T  - 
latter   arrangement    is    in . 
more    satisfactory    than     u^ 
former,  because    it    dtK-s  : 
necessitate  the  interrupt i'»n  '^ 
the  process  for  the  clearinir »  ' 
of  the  receivers  jis  is  the   -i^ 
with   the  former.     Furnaces  with  the  receivers  under  the  bi-il  i' 
employed  at  La  Lincoule  in  France  (Haute  Loire),  those  with 
terior  receivers  are  used  in  Hungary.    Fig.  435  shows  the  constru' 
of  one  of  the  lattor  sort  of  furnaces : — 


Fu;.  43*. 


ANTIMONY  563 

F  is  the  heating  chamber,  o^  the  grate,  &,  h  are  the  pots  fitted  with 
ovei-s,  d,  d  the  receivers,  c,  c  the  pipes  connecting  the  pots  with  the 
eceivers,  a,  a  are  openings  in  the  roof  through  which  the  charges 
re  introduced  into  the  pots.  The  fuel  consumption  is  higher  and 
he  production'less  in  the  pot  furnaces,  and  they  are  inferior  to  the 
ube  furnaces  which  are  next  to  be  described. 

6.  Liquation  in  Tube  Furnaces, 

These  furnaces  can  be  arranged  with  vertical  or  horizontal  tubes, 
ut  the  latter  arrangement  does  not  appear  to  have  been  adopted, 
'he  vertical  arrangement  is  used  at  Malbosc  in  France  and  at 
►anya  in  Hungary,  and  with  it  more  favourable  results  have  been 
btained  in  regard  to  fuel  consumption,  quantity  treated,  and  cost  of 
bour,  than  with  the  pot  furnaces. 

The  construction  of  the  funiace  used  at  Malbosc  is  shown  in 
igs.  436  and  437.^ 

The  tubes  are  arranged  in  groups  of  four,  each  group  being 
aced  in  a  chamber  with  3  grates :  they  extend  to  the  outside  of  the 
of,  where  they  are  closed,  while  working,  with  a  cover,  and  are  3  feet 
inches  high,  10  inches  diameter  at  the  upper  end,  and  7f  inches 
ameter  at  the  bottom,  their  walls  being  06  to  0*8  inch  thick, 
iey  rest  on  a  fire-clay  slab  pierced  with  holes  for  the  escape  of  the 
[uid  sulphide ;  a  in  the  figure  is  a  hole  in  the  side  of  the  tube  at 
{ low^er  end  through  which  the  residue  is  cleared  out:  these  holes 
e  2*7  inches  in  width  and  47  inches  high,  and  during  the  working 

a  charge  are  closed  with  a  clay  plug  or  with  a  luted  plate,     e  is 
e  receiver,  1  foot  4  inches  high  and  10  inches  wide.     These,  carried 

small  waggons,  are  introduced  through  the  openings  with  tight 
ting  doors  i,  i,  into  the  chambers  shown  in  the  figure :  when  full 
jy  can  be  replaced  by  empty  receivers  without  interrupting  the 
oration.  The  doors  i,  i  are  provided  with  peepholes  through  which 
3  progress  of  the  liquation  can  be  observed.  The  flames  play  round 
*  tubes  and  escape  through  three  openings,  //-,  into  the  chimney ;  the 
es  are  provided  with  dampers  by  which  the  intensity  of  the  fire 
I  be  regulated.  Part  of  the  fire  passes  through  the  holes  h,  b,  4 
hes  square,  in  the  walls  of  the  receiver  chambers,  and  maintain 
;m  and  the  collected  sulphide  at  the  proper  temperature.  The 
inings  k,  k  serve  for  the  removal  of  the  residues  from  liquation,  and 

repairing  any  damage  to  the  tubes.     During  the  working  these 

closed  by  cast-iron  pla'tes.     A  newly  built  furnace  requires  to  be 

*  Plattner-Richter,  Hiittenkunde,  p.  6. 
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heated  to  a  bright  red  heat  for  48  hours  before  a  charge  is  insert^ 
The  regulation  of  the  temperature  is  adjusted  according  to  the  col««iii 

Section  onC    D 


Fkjs.  43(3  and  -137. 


of  the  product,  which  ought  to  be  bhiish ;  a  red  colour  is  an  indicriGi 
that  the  heat  has  been  too  great. 

The  charge  for  each  tube  is  5  cwts.  of  ore,  and  it  takes  8  h4 
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ar  complete  liquation ;  the  yield  is  50  per  cent,  of  sulphide.  For  the 
iroduction  of  100  cwts.  of  sulphide,  64  cwts.  of  coal  are  necessary ; 
he  tubes  last  20  days  each.  The  cost  of  producing  100  kilos,  of 
ulphide  is,  for  labour,  1'53  francs  (  =  7'4d,  per  cvvt.),  and  for  fuel, 
•28  francs  ( =  6rf.  per.  cwt.) ;  while  the  cost  in  pot  furnaces  is,  for 
»bour,  221  francs,  and  for  fuel,  6*34  francs  per  100  kilos.  (  =  10irf 
nd  25.  Sd,  per  cwt.  respectively). 


2.   LIQUATION   IN   REVERBERATORY   FURNACES. 

This  method  of  liquation  possesses  the  merit  of  being  the  least 
xpensive  in  fuel,  labour,  and  repairs,  but  it  leads  to  considerable  loss 
f  sulphide  by  volatilisation.  It  can,  therefore,  only  be  adopted  where 
k  is  a  question  of  producing  large  quantities  of  crude  antimony  with 
reat  rapidity,  where  fuel  is  dear,  and  where  the  cost  of  mining  the 
re  is  low,  and  therefore  loss  of  sulphide  may  be  disregarded. 

The  liquation  furnace  may  be  constructed  like  that  for  the  re- 
loval  of  lead  from  copper,  or  like  the  German  refining  furnace.  In 
be  latter  case,  a  tap-hole  must  be  introduced  at  the  deepest  point 
I  the  bed.  The  liquated  sulphide  will  escape  through  the  tap- 
ole  into  the  receiver  placed  in  front  of  it.  Towards  the  end  of  the 
rocess  the  tap-hole  is  closed,  and  the  furnace  strongly  fired.  The 
ilphide  still  in  the  ore  now.  collects  below  the  layer  of  slag  which 
►rms,  and  is  tapped.  The  slag  is  afterwards  withdrawn  through  a 
de  d<x)r. 


Proihccts  of  Lviiuttion, 


These  are  ciiide  antimony  and  liquation  residues.  Crude  antimony 
frequently  contaminated  by  the  presence  of  ai-senic  sulphide,  lead 
ilphide,  and  iron  sulphide.  The  extent  of  this  contamination  may 
*  s<en  from  the  following  analyses  of  sulphides  from  Hungary : — 


FoS 
PbS 
As.,S3 
Cu'. 
Pb  . 
Fe  . 


Roseiiau. 

Liptau. 

Magurka. 

Ncusohl 

1102 

4-093 

— 

1  3-235 

0-568 

3-403 

— 

0-247 

— 

— 

059 

— 

— 

— 

3-75 

— 

— 

— 

2-85 

— 

1-670  7-496  719  3-482 
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The  liquation  residues  contain  up  to  20  })er  cent,  or  even  mm 
of  sulphide  of  antimony ;  it  is  contained,  not  only  in  the  interior  of 
the  pieces  but  also  covers  them  as  well,  in  the  form  of  a  thin  glaze. 

The  following  analysis  shows  the  composition  of  these  liquation 
residues  ^ : — 

Sb^Sg 20-40 

FeS 2-87 

FeSg 1-23 

SiOg 59-84 

AlA 4-65 

CaO 5-22 

CO2 • 410 

Alkali  and  carbonaceous  matter    .     1-09 


100 

The  liquation  residues,  when  sufficiently  rich,  are  worked  uji  li»r 
antimony  reguhis. 

B.  The  Treatment  of  Antimony-Glance  and  other  Axii- 
MONY  Ores  for  the  Extraction  of  Metallic  Antimony. 

The  treatment  of  antimony-glance  for  the  extraction  of  m<*talli( 
antimony  c^m  be  done  either  by  the  roasting  and  reduction  melk* 
or  by  the  precipitation  method. 

The  former  consists  of  an  oxidising  roasting  of  the  ore,  followti 
by  a  reduction  of  the  oxide  formed  during  the  roasting,  by  nleaIl^  • 
coal,  with  the  addition  of  fluxes  and  covering  materials  (soda,  poUi>h 
glauber  salt).  The  process  may  be  performed  in  shaft  fiimac - 
reverberatory  furnaces,  or  (in  rare  instances)  in  i)ot  furnaces. 

The  precipitation  method  is  carried  out  by  smelting  aniinioiiy 
glance  (or  crude  antimony)  with  iron  and  fluxes.  The  antimony  r 
separated  in  the  metallic  state  with  formation  of  sulphide  of  ir«>n 
It  may  be  done  in  pot,  or  in  reverberatory,  furnaces. 

Antimony  cannot  be  won  from  antimony-glance  by  a  maj^tiiu 

and  reaction  process  similar  to  that  used  in  the  preparation  <»f  lea« 

from   galena,   since   the    sulphide   and  oxide    of  antimony  are  n- 

decomposed  mutually  on  heating  as  are  sulphide,  oxide,  and  sulphat. 

of  lead ;  sulphide  and  oxide  of  antimony  melt  with  decomposition  u 

form  a  glass  of  oxy-sulphide.    Antimony  tetroxide  is  only  i-educe<l  ^ 

antimony  sulphide  to  the  trioxide,  and  antimony  glass  is  forme<l  ^ 

the  same  time. 

^  Hering,  in  Dingier^  voL  ccxxx.,  p.  253. 
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The  roasting  and  reduction  method  is  less  expensive  than  the 
precipitation  method,  and  is  suited  to  the  working  of  poorer  ores  and 
liquation  residues ;  it  is  therefore  to  be  preferred  to  the  precipitation 
method.  The  latter  is  only  suited  for  the  smelting  of  rich  ores  and 
of  crude  antimony,  and  is  more  expensive  in  practice,  on  account  of 
the  high  coal  consumption  and  labour  cost ;  it  is  only  rarely  adopted. 

The  arUinumy  ores,  other  than  antimony -glance,  are  not  treated  by 
independent  special  methods.  When  sulphuretted,  they  are  worked 
together  with  antimony-glance.  If  they  are  oxidised  ores,  they  are 
subjected  to  a  reduction  process,  i,e,,  they  are  mixed  with  antimony- 
§^lance  after  it  has  been  roasted. 


1.  The  Roasting  and  Reduction  Process. 

This  may  be  resolved  into  (1)  the  roasting  of  antimony-glance, 
ind  (2)  the  subsequent  reduction  of  the  oxide  of  antimony  formed  in 
roasting. 

a.  The  Roasting  of  Antimony -Glance. 

The  roasting  of  antimony-glance  can  be  so  conducted  that  the 
product  shall  principally  consist  of  either  the  stable  tetroxide  or  the 
volatile  trioxide;  in  the  latter  case  the  trioxide  would  be  collected 
n  a  suitable  arrangement  for  condensation.  The  former  method  of 
•oasting  is  more  usual ;  the  latter,  which  has  been  named  "  volatilising 
roasting"  (verfliichtigende  Rostung),  has  been  suggested  for  the  ex- 
traction of  antimony  oxide  of  antimony,  and  has,  in  fact,  come  into 
use. 

The  chemical  .changes  which  take  place  during  the  normal 
>xidising  roasting  of  pulverised  antimony-glance,  having  for  its 
)bject  the  conversion  of  the  sulphide  into  the  tetroxide,  are  the 
oil  owing,  if  the  correct  conditions  of  temperature  and  air  admission 
ire  observed : — 

When  the  temperature  is  raised  to  the  proper  point  (not  much 
>ver  350'*C.),  the  atmospheric  oxygen  converts  the  antimony  trisul- 
jhide  into  sulphur  dioxide  and  antimony  trioxide.  A  part  of  the 
atter  is  further  oxidised  to  the  pentoxide,  and  this,  combining  with 
K>me  of  the  trioxide,  forms  the  tetroxide.  Antimonic  acid  is  formed 
n  the  presence  of  oxides  of  metals,  and  combines  with  them  to  form 
tntimoniates.  Furthermore,  if  the  oxides  of  metals  which  are  in- 
clined to  form  antimoniates  are  present,  a  portion  of  the  trioxide,  in 
ihe  presence  of  air,  and  in  contact  with  the  foreign  oxides,  is  changed 
nto  antimonic  acid,   and   forms   antimoniates.     No  formation    of 
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sulphate  of  antimony  takes  place.  If  the  ore  contains  large 
quantities  of  foreign  sulphides,  which  on  being  calcined  would  fonn 
sulphates,  antimoniates  of  the  foreign  metals  are  formed  instead  of 
the  sulphates. 

With  pure  antimony-glance,  and  the  correct  temperature  and 
quantity  of  air,  the  product  of  roasting  is  principally  the  tetroxide, 
but  it  always  contains  antimony  glass  and  imdecomposed  sulphide. 
If  there  are  foreign  sulphides  and  arsenic  compounds  in  the  ore. 
antimoniates,  arseniates,  and  sulphates  of  the  foreign  metals  are 
found  in  the  roasted  mass. 

Since  antimony  sulphide  and  antimony  trioxide  melt  at  a  dark 
red  heat  and  form  antimony  glass,  and  since,  furthermore,  they  aix 
both  volatile,  the  maintenance  of  the  proper  temperature  is  of  the 
greatest  importance.  According  to  Bidou  it  is  not  allowed  to  exceed 
about  350°  C. ;  at  lower  temperatures  the  sulphide  would  not  be 
decomposed.  At  temperatures  only  slightly  beyond  350°,  the  masa 
begins  to  frit  together,  thereby  preventing  the  penetration  of  air  to 
the  interior.     At  still  higher  temperatures  the  trioxide  volatilises 

By  regular  rabbling,  the  fritting  of  the  mass  during  roasting  is 
prevented  even  at  the  higher  temperature;  and  the  presence  of 
gangue  in  the  ore  also  tends  to  obviate  this  difficulty.  The  richer 
the  ore,  the  more  difficult  it  is  to  roast  it;  with  rich  ores  it  isj 
impossible  to  prevent  to  some  extent  both  the  liquation  of  a  portion 
of  the  sulphide  and  the  formation  of  flue  dust,  which  latter  consists 
almost  entirely  of  antimony  trioxide  and  tetroxide,  antimony  sul- 
phide, arsenic  compounds,  and  carbonaceous  matter.  It  is  therefore 
only  possible  to  raise  the  temperature  for  the  purpose  of  oxidising 
any  unaltered  sulphide,  after  the  greater  part  of  the  sulphide  has 
been  converted  into  tetroxide.  Properly,  roasted  ore  should  appear 
of  a  reddish  colour  while  in  the  furnace,  and  of  an  ashy  grey  colour 
on  cooling ;  further,  while  in  the  furnace  it  should  feel  soft  und*  r 
the  rabble,  and  free  from  any  fritting  together.  If  the  admission  ^'t 
air  during  the  roasting  be  limited,  the  volatile  trioxide  and  not  tlu 
tetroxide  is  formed. 

The  so-called  volatUisiyig  rocusting,  which  is  only  designed  to  fonu 
and  volatilise  the  trioxide,  requires  for  its  execution  a  restricted  air 
supply  and  a  higher  temperature.  Steam  at  a  high  temperatui': 
also  effects  the  formation  of  the  trioxide,  with  the  simultaneoi^^ 
production  of  sulphuretted  hydrogen.  This  method  of  roasting  ini> 
proposed  for  the  treatment  of  poor  ores  and  residues  from  the  liqu  4- 
tion  of  crude  antimony,  and  is  used  in  France  for  ores  contiiinin^' 
7  to  8  per  cent,  of  antimony.     Since  the  arsenic  contained  in  ihv 
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ore,  when  roasted,  forms  compounds  which  are  more  volatile  than 
antimony  trioxide,  it  is  possible  to  separate  the  two  products  by 
intercepting  the  latter.  This  method  of  roasting  also  has  the 
advantage  that  the  gold  and  silver,  which  nearly  always  exist  (with 
other  metals)  in  these  ores,  remain  in  the  residue  and  can  be 
extracted. 

Th^  Execution  of  the  Ordinary  Roasting, 

Ordinary  roasting  {i.e.,  for  the  production  of  the  tetroxide)  is 
carried  out  in  reverberatory  furnaces  which  are  provided  with 
arrangements  for  condensation. 

Formerly  (1862),  muffle  furnaces  were  in  use  in  Hungary.  The 
reverberatory  furnaces  now  in  use  are  of  two  kinds : — 

1.  Babhle-fumaces  (intermittent  working). 

2.  Long-bedded  hand-fui^a^es  {Fortschaufelungsofen). 
Rahble-fumaces  were  formerly  in  use  at  Bouc  and  Septemes  in 

the  department  of  Rhdne  in  France,  and  are  still  used  at  Siena  in 
Tuscany. 

The  latter  furnaces  are  used  in,  among  other  places.  New  Bruns- 
wick, and  at  Banya  in  Hungary.  They  are  worked  with  less  cost 
for  fuel  and  labour  than  the  rabble-furnaces. 

The  arrangement  of  the  earlier  pattern  of  rabble-furnace  with 
two  fireplaces,  as  used  in  France,  is  shown  in  Figs.  438  and  439.^ 

The  horizontal  bed  A  is  egg-shaped  and  is  8  feet  3  inches  long, 
with  a  greatest  width  of  4  feet  7  inches ;  r,  r  are  the  two  fireplaces, 
one  on  each  side  of  the  bed,  5  feet  3  inches  long  and  1  foot  2  inches 
wide.  The  gases  from  the  fire  pass  through  the  opening  F  in  the 
roof  into  the  flue  and  through  the  latter  into  the  chimney  E.  A  is 
the  working  door ;  S  is  a  hood  built  above  the  working  door,  which 
draws  away  the  antimonial  fumes  from  the  furnace-men. 

In  these  furnaces  5  to  6  cwts.  of  ground  and  sifted  ore  are 
roasted  in  6  hours;  during  the  first  2  hours  the  working  door  is 
closed;  after  that  it  is  opened,  the  charge  well  stirred,  and  con- 
stantly rabbled  till  the  finish.  The  loss  of  antimony  in  properly 
executed  roasting  amounts  to  only  2  per  cent. 

At  Siena  *  4  cwts.  of  fine  ore  are  charged  at  one  time,  and  the 
roasting  requires  3  to  12  hours  according  to  the  richness  of  the  ore ; 
ores  rich  in  antimony  require  a  much  slower  roasting  than  those 
which  are  poor.  The  consumption  of  fuel  (lignite)  per  charge  is 
on  the  average  77  lbs.,  and  the  loss  of  antimony  is  5  per  cent. 

'  Kerl,  Metailurgy,  p.  524. 

'  Bidou,  L*Anlimoine  en  Toscatie.     Genie  rtnV,  188*2. 
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The  Fortschaufelungsofen,  used  in  New  Brunswick,^  is  42  feet  Ij 
inches  long,  7  feet  6  inches  wide,  and  has  10  working  doors  in  either 
side.  The  height  from  bed  to  roof  is  2  feet  1  inch,  and  the  fire- 
grate is  2  feet  1  inch  wide.  The  firebridge  is  5  feet  2  inches  high 
and  1  foot  broad.  There  are  5  charges  of  6  cwts.  each  in  the  furnace 
at  one  time.  During  24  hours,  3  charges  (18  cwts.)  are  drawn,  s*> 
each  charge  remains  in  the  furnace  40  hours.  During  the  last  2 
hours  before  being  drawn,  the  ore  is  strongly  heated  and  rabble*! 
every  5  minutes.     Properly  roasted  ore  has  a  dull,  greyish-yellow 


1^1^^ 


Fi(i.  438. 


FlO.  43U. 


colour.     The  consumption  of  wood  is  three-quarters  of  a  con!   in  24 
hours,  and  the  loss  of  antimony  is  stated  to  be  7  5  per  cent. 

Similar  furnaces  at  Banya  are  26  feet  3  inches  long,  6   foi  t  n 
inches  wide,  with  5  working  doors  in  one  side.     Charges  of  4  cv:. 
each  are  introduced  at  the  end  of  the  furnace  farthest  from  the  Hr 
and  are  drawn  after  20  hours;    24  cwts.  are  roasted  in  24   houi^ 
The  fuel  is  lignite,  which  is  burnt  in  a  stepped  grate. 

Furnaces  have  been  proposed  with  a  trough-shaped  bed  sloj^ii ; 
towards  one  of  the  longer  sides  of  the  furnace,  the  object  beinj:  > 
perform  the  reduction  and  roasting  in  the  same  furnace.     Since  t: 
liquation  of  a  certain  portion  of  the  sulphide  cannot  be    avinti 
*  Engineering  and  Mining  Jottmal,  1873,  voL  xvi.,  No.  25. 
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during  the  roasting,  this  arrangement  allows  it  to  be  tapped  off  and 
sent  to  market  as  crude  antimony. 

Volatilising  Roastiny. 

This  method,  as  already  pointed  out,  was  proposed  by  Hering  for 
the  treatment  of  poor  ores  and  residues  from  the  manufacture  of 
crude  antimony.  The  ores,  or  residues,  as  the  case  may  be,  are 
roasted  in  a  reverberatory  furnace  at  a  temperature  sufficiently 
high  to  volatilise  the  antimony  trioxide,  which  is  collected  in  con- 
densing chambers;  it  is  said  to  be  very  pure  and  to  yield  on 
reduction  a  very  pure  metal. 

If  the  oxide  is  to  be  used  as  a  pigment,  a  very  limited  appliciition 
of  it,  it  must  be  of  exceptional  whiteness,  and  to  ensure  this  the 
ruisting  is  conducted  in  muffles.  At  the  works  at  Conches,  in  the 
Cantal  and  Bironde  in  the  Haute  Loire,^  ores  containing  7  to  8  per 
cent,  of  antimony  are  subjected  to  a  volatilising  roasting  in  furnaces 
not  described  in  detail.  The  antimony  oxide,  which  is  collected  in 
condensers,  is  said  to  be  free  from  all  but  traces  of  Sb204  and  SbgOg, 
and  is  used  partly  for  the  preparation  of  paint,  and  partly  for 
reduction  by  smelting  it  with  coal  and  slags  containing  alkalis. 
The  metal  thus  produced  contains  90*94  per  cent,  of  antimony. 
Oehme  obtains  pigment  with  great  purity  of  tint  by  roasting  the 
sulphide  in  a  restricted  air  supply  with  admission  of  steam ;  this  is 
said  to  produce  an  oxide  of  great  purity  in  white  sublimed  needles^ 
sulphuretted  hydrogen  being  formed  at  the  same  time.  The  steam 
is  introduced  by  allowing  water  to  drop  into  the  muffle,  and  the  air 
enters  by  a  small  opening  at  the  front. 

The  construction  of  the  plant  is  seen  in  Figs.  440  and  441. 

M  is  the  muffle,  L  is  the  opening  for  the  admission  of  air.  The 
water  enters  the  muffle  at  u\  flowing  along  the  tube  R  fitted  with  a 
cock.  The  gases  and  vapours  pass  out  of  the  muffle  through  the 
pil)e  X  along  the  pipe  y  into  the  condensing  chambers  z,  after  which 
they  enter  the  scrubber  s  through  the  horizontal  pipe  shown  in  the 
figure.  The  scrubber  is  supplied  with  a  flow  of  water  which  con- 
denses the  last  portions  of  trioxide.  The  incondensable  gases  pass 
out  of  the  scrubber  along  the  iron  flue  v ;  m  is  the  firedoor,  n  the 
door  of  the  ash-pit.  After  the  fire  gases  have  passed  round  the 
muffle,  they  also  enter  the  flue  v.  The  chambers  are  emptied  by 
means  of  the  door  T, 

The  supply  of  water  must  be  regulated  so  that  neither  the  vapour 
»  The  Mill.  Jml.,  1902,  p.  36. 
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of  trioxide  nor  the  sublimed  product  are  moist,  otherwise  the 
sulphuretted  hydrogen  present  would  re-convert  the  oxide  into 
sulphide.  Excess  of  air  would  lead  to  the  formation  of  the  tetroxide 
and  sulphur  dioxide,  the  former  of  which  would  remain  in  the  muffle 


Fio.  440. 


Via.  441. 


A  dark  red  heat  is  best  for  obtaining  a  satisfactory  result.  Thf 
author  is  not  acquainted  with  the  practical  results  of  working  this 
process. 

6.  The  Reduction  Process, 

The  object  of  this  is  to  reduce  the  oxide  (either  tetroxide  or  trioxide  > 
to  metallic  antimony  or  regulus  of  antimony.  If  coal  alone  bo  useti 
for  this  purpose,  a  large  proportion  of  the  antimony  will  be  lost  through 
volatilisation  as  trioxide,  and  any  antimony  sulphide  still  remaining  in 
the  roasted  ore  will  not  be  decomposed.  Substances  are  therefore  added 
to  the  charges,  which,  on  account  of  their  easy  fusibility,  form  a  pnv 
tecting  cover  and  prevent  the  volatilisation  of  the  antimony:  these  als*.' 
assist  in  the  formation  of  fusible  slags,  and  separate  the  metal  from 
any  sulphide  of  antimony  present.  The  substances  which  are  most 
advantageous  for  this  purpose  are  such  as  remove  the  impurities  from 
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the  antimony  and  also  serve  as  a  refining  medium.  Potash,  soda, 
glauber  salt,  and  other  alkaline  substances  are  used. 

The  reduction  is  carried  out  in  reverberatory  furnaces,  in  shaft 
furnaces,  and  occasionally  in  crucibles  in  pot  furnaces. 

The  reverberatory  furnace  process  is  simple  and  easily  controlled, 
but  is  accompanied  by  considerable  loss  of  antimony,  and  is  therefore 
only  used  where  oreis  are  rich  and  raw  fuel  cheap.  Antimony  tri- 
oxide  formed  in  the  volatilising  roasting  is  reduced  to  regulus  of 
antimony  in  pots. 

The  shaft  furnace  method  causes  less  loss  of  antimony  than  the 
former  one,  and  is  less  expensive,  but  presents  technical  difficulties. 
It  is  necessary  to  form  a  protecting  slag  which  shall  be  suflSciently 
thin  and  fusible  to  protect  the  separated  antimony  from  volatilisa- 
tion and  from  oxidation  by  the  air  blast.  It  may  be  employed  for 
ores  which  are  too  poor  in  antimony  to  be  smelted  in  reverberatory 
furnaces. 

Antimony  ores  are  only  exceptionally  heated  in  crucibles,  as  the 
cost  of  fuel  and  labour  is  very  high.  The  oxide,  however,  is  reduced 
in  these,  as  stated  above. 


Bed'nction  in  Reverberatory  Furnaces. 

The  loss  of  metal  with  these  furnaces  is  high,  amounting  at  the 
least  to  12  per  cent. ;  indeed,  Helmhacker  says  it  may  rise  as  high  as 
30  or  40  per  cent.  This  pattern  of  furnace  is  (or  was)  in  use  at 
Bouc,  at  Septemes,  at  Siena,  in  Upper  Hungary,  and  also  in  New 
Brunswick. 

At  Bouc  and  Septemes  the  roasted  ores  are  worked  up  together 
with  oxidised  ores  from  Algiers,  and  with  ant imonial  flue  dust.^  The 
furnace-beds  are  egg-shaped,  7  feet  10  inches  long,  5  feet  3  inches  wide 
in  the  centre,  and  3  feet  4  inches  wide  at  the  fire-bridge.  The  bed  is 
a  deep  hollow  one,  built  of  fire-brick,  and  slopes  from  every  part  to 
the  tap-hole  in  one  of  the  longer  sides.  The  tapping-pot  is  placed 
below  the  tap-hole,  level  with  the  floor  of  the  shed.  The  height 
from  the  bed  to  the  centre  of  the  roof  is  3  feet  3  inches.  The 
construction  of  the  furnace  is  shown  in  Figs.  442  and  443. 

H  is  the  bed,  o  the  opening  by  which  the  charge  is  introduced, 
which  is  1  foot  4  inches  wide,  a;  is  the  opening  through  which  the 
charge  is  worked,  y  is  the  tapping-pot ;  F  is  the  fire-bridge,  the  top  of 
which  is  1  foot  4  inches  above  the  fire-bars,  and  1  foot  below  the  roof; 

^  Simonin,  Bail,  de  la  8oc%6U  de  VlndmiHe^  vol.  ii.,  bk.  4,  p.  577. 
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r  is  the  fire-place,  'p  the  roof;  z  is  the  flue,  8  inches  in  diameter,  con- 
nected with  condensing  chambers  400  feet  long  for  the  deposition 
of  the  antimonial  vapour.  At  the  end  of  the  system  of  condensing 
chambers  is  the  main  chimney.  The  dust  obtained  from  thes^ 
chambers  contains  up  to  50  per  cent,  of  antimony.  The  charge  for 
this  furnace  consists  of  400  to  500  lbs.  of  roasted  ore,  oxidised  on^s 
and  flue  dust,  90  to  110  lbs.  of  a  flux  consisting  of  salt,  smaller 
quantities  of  soda,  and  sometimes  a  small  quantity  of  glauber  salt,  Go 
to  75  lbs.  ground  charcoal,  and  220  to  330  lbs.  of  slag  firom  the 
previous  charge :  this  slag  contains  principally  common  salt. 

The  fluxes  are  introduced  into  the  furnace  first,  and  fired;  when  in 
a  state  of  tranquil  fusion,  about  an  hour  after  charging,  the  introduc- 
tion of  the  other  ingredients  of  the  charge  is  commenced.  These  are 


Fu;.  4  4 


Fkj.  443. 


added  through  the  working  door  in  portions  of  about  44  lbs.  at  intervals 
of  15  minutes  and  well  stirred  in.  After  the  addition  of  each  portion 
a  scum  is  produced,  which  is  drawn  ofi*  through  the  working  do<>r. 
When  the  last  portion  has  been  added  and  stirred  in,  the  furnace  i-> 
strongly  fired,  and  the  charge  tapped,  the  whole  process  occupying 
from  4  to  G  hours.  During  the  process  the  antimony  is  separatf<l 
from  its  oxygen  and  sulphur  compounds  by  the  action  of  the  charcoal 
and  soda,  gangue  is  slagged  by  the  soda,  and  the  foreign  metals 
present  are  carried  into  the  slag  as  sulphides  by  the  action  of  the 
sulphide  of  soda  resulting  from  the  reduction  of  glauber  salt  by  the 
charcoal.  The  salt  added  to  the  charge  acts,  like  the  glauber  salt 
and  soda,  as  a  flux  and  as  a  cover,  but  it  also  conveys  some  of  tho 
foreign  metals  into  the  slag  in  the  condition  of  chlorides. 

The   fuel  consumjjtion   is  5 — 6  cwts.  per  charge,  and    the    I(kv 
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amounts  to  14  or  15  per  cent,  of  the  total  antimony  contained  in  the 
ore. 

The  slag  and  metal  collect  in  the  tapping-pot,  and  after  they 
have  become  solid  are  lifted  out  together,  after  which  the  antimony 
regulus  is  freed  from  slag  and  broken  up. 

At  Siena  the  procedure  resembles  that  practised  formerly  at 
Bouc  and  Septimes.^  The  following  are  the  figures  obtained  from 
the  working  of  830  charges  ^ : — 

368,838  lbs.  of  roasted  ore. 


268,918   „ 

„  sea  salt. 

12,641    „ 

„  soda  ash. 

88,628   „ 

„  glauber  .salt. 

88,205   „ 

,,  slag  from  previous  charges. 

4,409   „ 

„  iron  slag. 

Antimony  obtained  113,573  lbs.  The  loss  of  antimony  is  not 
given. 

In  New  Brunswick  the  furnaces  are  8  feet  6  inches  in  diameter ; 
the  beds  are  built  of  fire-clay  and  are  concave ;  the  depth  in  the 
centre  is  1  foot  6  inches.  The  refining  follows  immediately  after  the 
reduction ;  the  roasted  ore,  5  cwts.  at  a  time,  is  spread  on  the  red- 
hot  bed,  and  covered  with  1  cwt.  of  glauber  salt,  and  82  lbs.  of 
coarsely  powdered  hard  wood  charcoal.  After  4  hours  the  charge  is 
melted  and  effervescing ;  the  carbonic  oxide  which  is  liberated  escapes 
through  the  layer  of  slag  and  burns.  The  charge  is  rabbled  until 
it  ceases  to  boil,  and  then  allowed  to  settle  for  half  an  hour.  After 
this  the  charge  is  cooled  by  leaving  the  fire  door  open.  When  the 
*^lag  has  attained  a  low  red  heat  and  is  in  a  pasty  condition,  it  is 
(linwn  out,  and  the  materials  for  refining  are  added  ;  the  furnace  is 
then  strongly  hefited.  The  added  materials  are  27*5  lbs.  of  glauber 
salt  and  11  lbs.  of  wood  charcoal.  Sulphide  of  soda  is  formed,  and 
prcKluces  a  slag  with  the  impurities  in  the  antimony.  After  an 
hour  and  a  half  the  metal  and  slag  are  in  a  state  of  tranquil 
fusion,  and  the  melted  mass  is  ladled  into  iron  moulds.  The 
[wuring  is  done  in  such  a  way  that  at  least  half  an  inch  of  thick 
slag  remains  on  the  surface  of  the  metal  in  the  mould.  In  this 
way  it  is  impossible  for  the  antimony  to  begin  to  solidify  before  the 
mould  is  filled.  As  soon  as  the  ingot  is  solid,  the  slag  is  removed  : 
it  is  essentially  a  sulpho-salt  of  antimony  mixed  with  sodium  car- 
bonate,   and    contains    15    j)er   cent,    of   antimony ;    the   latter    is 

'  Bidou,  lot,  rif,  «  Knab,  MAlaHimjiH,  p.  528. 
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recovered  by  smelting  the  slag  with  one-fifth  of  its  weight  of  iron. 
Information  as  to  the  amount  of  loss  in  the  process  is  not  published. 
In  Hungary  at  one  works  they  are  said  to  combine  the  refining 
with  the  reduction.  It  is  said  that  5  cwts.  of  roasted  ore  are  smelted 
with  10  per  cent,  of  small  coal  and  3  to  6  per  cent,  of  glauber  salt^  in 
reverberatory  furnaces  for  20  hours ;  the  slags  are  then  removed  and 
22  to  25  lbs.  of  slag  from  a  previous  refining  of  antimony  added. 
After  this  is  fused,  the  ladling  of  the  metal  is  proceeded  with. 

Redudi(m  in  Shaft-Fui^aces, 

This  method,  as  well  as  the  reverberatory  furnace  method,  was 
practised  formerly  at  Bouc  and  at  Septferaes  in  France,  and  at  Oak- 
land in  California :  at  the  present  time  it  is  in  use  at  Banya  in 
Hungary. 

At  Bouc  €and  Septfemes*  ores  containing  30  to  40  per  cent  of 
antimony  were  roasted  in  reverberatory  furnaces  and  smelted  in 
three  tuyered  shaft  furnaces  which  were  worked  on  the  ''Spar'' 
principle  with  covered  "eye."  They  were  10  feet  10  inches  high. 
2  feet  7  inches  to  3  feet  in  depth,  and  1  foot  11  inches  wide.  Xi' 
information  is  available  as  to  the  composition  of  the  charges.  In 
24  hours  2  to  2^  tons  of  ore  were  worked,  and  the  coke  consume<l 
was  half  the  weight  of  ore.  The  crude  metal  produced  contained 
92  to  95  per  cent,  of  antimony  and  was  refined. 

At  Oakland  in  California,  in  1882,  oxidised  ores  were  worked  in  a 
circular  water  jacket  furnace.  The  proportions  of  ore,  etc.,  in  the 
charge  were  80  parts  by  weight  of  ore,  100  of  slag,  and  30  of  coke. 
There  was  no  satisfactory  arrangement  for  condensation,  and  thf 
yield  of  antimony  was  only  77 §  per  cent,  of  the  assay  value  of  the  ore. 

At  Banya*  the  materials  for  the  production  of  antimony  were  :— 

Roasted  ore  containing    ....  48-49  per  cent,  of  antimony. 

Unroasted  oxidised  ores  ....  46               „          „ 
Unroasted  liquation  residues  from 

the  production  of  crude  antimony 

containing 214            „           „ 

Roasted  residues  containing    .    .  23               „          „ 

Flue-dust 56 

Refinery  slag 25               „           „ 

1  Berg.-  und  HiUtenZig.,  1862,  p.  408. 

*  SimoDin,  loc,  cit. 

»  Stahl  und  Eiatn,  1886,  vol.  vi.  p.  62. 
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These  are  smelted  together  in  shaft  furnaces  19  feet  7  inches 
bigh,  the  diameter  being  4  feet  7  inches  at  the  mouth  and 
i  feet  4  inches  at  the  tuyere :  each  furnace  has  5  water  tuyeres 
md  is  constructed  with  a  closed  crucible ;  3,000  cubic  feet  of  blast 
ire  supplied  per  minute  at  a  pressure  of  12  inches  of  water.  A 
^mpaign  or  "  nin  "  lasts  3  weeks.  The  charges  are  of  two  diflerent 
?om])ositions  A  and  B.  below,  two  charges  of  A  alternating  with  one 
>fD. 

A.  B. 

Lbe.  Lbs. 

Roasted  ore        1,213  1,323 

Roasted  residues  from  liquation   .    .    .  1,654  1,323 

Ore  moulded  into  lumps  with  lime   .    .  441               — 

Flue-dust            do.                do.          .    .  220               — 

Unroasted  ore —                 220 

Oxidised  ores —                  220 

Unroasted  liquation  residues     ....  —                  220 

Limestone  .                       1,323  1,764 

Foul  slags  from  same  work 882               882 

Slags  from  refinery       —                  441 

Impure  antimony  (III.  below)    ....  —                 220 

The  mixing  of  lime  with  the  fine  ore  and  flue-dust  is  only  done 
luring  the  first  8  or  10  days  of  the  campaign  ;  after  that  time  they 
an  be  added  in  their  pulverulent  natural  state  without  prejudice  to 
he  process.  The  quantities  of  lime  used  at  first  are,  for  fine  ores 
0  per  cent,  by  weight,  and  for  flue-dust  7  per  cent. 

In  24  hours  a  total  of  30  cwts.  is  put  through  the  furnace.  The 
nrefined    antimony  obtained  is  of  3  grades,  of  the  following  com- 

ositions  : — 

I.  n.  TIT. 

Antimony,  per  cent 9002  7380  6504 

Iron        '         „  6-23  1666  2380 

Sulphur  „  2-85  8*42  10-46 

9910  98-88  99-30 

Per  cent.        Per  cent.        Per  cent. 
Proportion  of  total  output     .    .      82  5  9  0  S'o  =  100 

The  grades  I.  and  II.  are  refined  :  the  grade  III.  is  returned  tn 

le  furnace  in  the  charges  as  shown  above. 

The  slags  produced  in  this  operation  have  the  following  com- 

jsition  : — 

I.  II. 

SiOj 46-9  45-9 

CaO 34-6  31  4 

FeO 151  .           19-9 

Sb 0-5  0-9 

Slags  which  are  not  clean  and  contain  large  quantities  of 
itimony  are  returned  to  the  furnace. 

Heiing^  proposed  to  work  the  liquation  residues  of  the  com- 
tsition  shown  on  p.  566  in  a  circular  shaft  fiimace  of  the  following 

^  Dinrjler,  vol.  ccxxx.,  p.  253. 
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dimensions,  height  19  feet  8  inches,  diameter  at  the  tuyere  level  3  feet 
4  inches,  number  of  tuyeres  3,  blast  530  cubic  feet  per  minute  at  a 
pressure  of  7  8  inches  of  water.  He  claimed  that  in  a  furnace  of  this 
description  it  would  be  possible  to  smelt  7  tons  of  residues  with 
the  addition  of  150  per  cent,  of  tap  cinder,  40  per  cent  of  limestone 
and  5  per  cent,  of  gypsum  or  glauber  salt,  with  a  coke  consumption 
equal  to  14  per  cent,  of  the  weight  of  the  residues. 

JRediuition  in  Pot  Furnaces 

The  reduction  of  roasted  ores  in  crucibles  and  pot  furnaces  is 
on  account  of  its  high  cost,  only  adopted  occasionally  where  a  smal 
quantity  is  required,  and  where  rich  ores  or  crude  antimony 
volatilised  antimony  trioxide  are  available. 

The  roasted  ore  is  fused  with  10  per  cent,  of  its  weight  of  cruA 
argol  or  with  charcoal  or  anthracite  arid  potash  or  soda,  in  fire-claj 
crucibles  heated  in  a  wind  furnace  or  in  a  galley  furnace.  Thi 
melted  metal  is  cast  in  iron  moulds  coated  with  tallow  or  thii 
fire-clay  cream. 

According  to  Knab  ^  each  crucible  contains  26*5  lbs.  of  roasted  on 
with  10  per  cent,  of  charcoal  and  715  per  cent,  of  salt  or  soda  Th( 
pots  are  arranged  10  or  12  in  each  furnace,  and  each  pot  turns  ou 
4  or  5  charges  in  24  hours.  The  consumption  of  c«al  is  70  t^)  -^ 
per  cent,  of  the  weight  of  the  ore,  and  the  life  of  esich  pot  is  7  or  < 
charges. 

2.   THE   PRECIPITATION   METHOD  OF   REDUCTION 

This  method  is  applicable  only  to  rich  ores  and  crude  antiniom 
It  consists  in  replacing  the  antimony  in  the  sulphide  of  antimony  b 
iron,  thus  separating  the  antimony  in  the  metallic  state,  and  forminj 
sulphide  of  iron  at  a  comparatively  low  temperature.  It  is  imp* 
sible,  however,  to  completely  separate  the  sulphide  of  iron  from  th- 
antimony,  on  account  of  the  high  specific  gravity  of  the  former,  an* 
therefore  sodium  sulphate  and  carbon  are  added  in  order  to  prodin> 
sodium  sulphide,  which  forms  with  the  iix)n  sulphide  a  fusible  dai 
of  low  specific  gravity  which  easily  separates  from  the  antimt-m 
Common  salt  is  used  in  England  instead  of  sodium  sulphate  ari' 
carbon.  Iron  is  best  used  in  the  form  of  turnings,  shavings,  or  tin 
plate  cuttings.  In  the  case  of  the  last  the  tin  they  contaiu  d>^' 
no  harm.  The  proportion  of  iron  must  not  be  too  high  in  the  li^- 
of  ores  containining  sulphides  of  lead  and  arsenic,  because*  t^ 
antimony  would  not  only  be  contaminated  with  iron,  but  also  *•*'' 
•  MHcUhmjity  p.  524.     Paris,  1891. 
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the   lead  and   arsenic   reduced   by  the  iron  from  their  respective 
compounds. 

With  reference  to  this  it  must  be  borne  in  mind  that  where 
sodium  sulphate  and  carbon  are  used,  part  of  the  iron  is  consumed  in 
decomposing  the  sodium  sulphate.  It  has  been  found  by  experiment 
that  where  10  per  cent,  of  glauber  salt  and  2  to  3  per  cent,  of  coal  are 
used,  44  per  cent,  of  iron  is  required ;  this  figure  is  given  by  Karsten, 
but  Liebig  states  that  42  per  cent,  is  sufficient,  and  Hering  uses  only 
40  per  cent.  Berthier  uses  the  following  proportions :  sulphide  of 
antimony  100,  forge  scale  60,  soda  45  to  50,  coal  dust  10.  The  iron 
in  all  cases  separates  out  as  the  monosulphide  FeS,  or,  according  to 
Schweder,  as  the  sulphide  FcgSy. 

In  England  it  is  usual  to  add  excess  of  iron  in  order  to  secure  the 
separation  of  all  the  antimony  in  the  ore  :  this  however  is  only  done 
with  ores  which  are  free  from  lead  and  arsenic.  The  excess  of  iron 
alloys  with  the  antimony,  and  is  removed  by  subsequent  fusion  with 
more  sulphide  of  antimony. 

There  is  some  loss  of  antimony  in  the  precipitation  method  owing 
partly  to  volatilisation  of  the  sulphide  and  partly  to  the  fact  that  the 
slags  carry  some  away  :  Karsten  states  that  the  yield  where  crucibles 
are  used  is  64  per  cent.,  .Berthier  65  to  67  per  cent. :  the  theoretical 
yield  is  71*5  per  cent. 

This  method  is  carried  out,  as  a  general  rule,  in  pot  furnaces, 
but  reverberatory  furnaces  are  sometimes  used  in  spite  of  the  inevit- 
able loss  of  antimony;  shaft  furnaces  have  only  been  applied 
experimentally;  crucible  furnaces  are  adopted  in  England,  Hungary 
and  other  places. 

In  English  works,  of  which  the  principal  ones  are  Messrs. 
Cookson  and  Co.,  Newcastle-on-Tyne,  Messrs.  Hallet  and  Fry,  John- 
son and  Matthey,  and  Pontifex  and  Wood  in  London,  ores  containing 
50  to  55  per  cent,  of  antimony  are  worked.^  An  antimony-iron  alloy 
is  first  produced  by  fusing  the  sulphide  in  graphite  pots  with  excess 
>f  wrought  iron.  This  ensures  the  extraction  of  all  the  antimony 
jontained  in  the  ore.  This  alloy  is  then  freed  from  the  iron  it  con- 
tains by  fusing  it  in  graphite  pots  with  sulphide  of  antimony,  and  the 
iietal  obtained  again  fused  with  suitable  materials  in  graphite  pots 
n  order  to  refine  it.  All  three  operations  take  place  in  the  same 
iirnace.  The  ore,  broken  to  the  size  of  hazelnuts,  is  smelted  with 
vTOUght  iron,  tin-plate  cuttings,  salt  and  slag  from  the  same  process, 
►r  with  skimmings  from  a  subsequent  one.     Each  pot  holds  a  charge 

1  Jmim,  Sor.  Chem,  Ind,y  Jan.,  1892;  Emjlish  Mining  Jonr.^  March  12,  1892; 
^/*/',  Mineral  Indmtry,  1892,  p.  23. 
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consisting  of  46*3  lbs.  of  ore  containing  50  per  cent,  of  antimonv, 
17*6  lbs.  of  iron,  44  lbs.  of  salt  and  I'l  lb.  of  slag  or  skimmings. 
The  iron  usually  consists  of  14*3  lbs.  of  cuttings  compressed  into 
a  cake  and  33  lbs.  of  turnings  and  borings.  The  ore,  salt,  slag  or 
skimmings,  as  the  case  may  be,  and  the  borings  are  mixed  together 
and  placed  in  the  pot,  and  the  cake  of  cuttings  is  placed  on  the  top 
as  a  cover. 

The  furnaces  in  the  largest  works  each  contain  42  pots,  which  are 
heated  by  the  flame  from  two  fireplaces,  one  in  each  of  the  short  sides 
of  the  furnace.  In  the  centre  of  the  roof  is  a  flue  which  carries 
away  the  gases  from  both  fireplaces.  The  bed  of  the  furnace,  includ- 
ing the  two  fireplaces,  is  54  feet  long  and  7  feet  4  inches  wide ;  the 
roof  is  low  and  in  it  are  21  openings  along  each  long  side,  through 
which  the  crucibles  are  put  in  and  taken  out.  These  openings  are 
14  inches  in  diameter  and  are  fitted  with  covers.  The  sides  and  roof 
of  the  furnace  are  covered  with  cast-iron  plates,  and  there  are  twn 
smaller  openings,  4  inches  in  diameter,  in  the  shorter  sides  of  the 
roof  over  the  fireplaces  for  the  removal  of  clinkers,  &c. 

The  two  pots  nearest  the  fire  at  each  end  of  the  furnace  are 
charged  with  antimony  for  refining. 

The  smelting  of  a  charge  for  the  production  of  the  antimony-iron 
alloy  takes  3  hours  or  a  little  less.  When  the  charge  is  melt^  the 
contents  of  the  pot  are  poured  into  conical  moulds  and  a  new  charge 
is  introduced.  When  the  contents  of  the  mould  are  cold,  the  matte 
and  slag  are  removed  from  the  surface  of  the  antimony  by  beating  it 
with  a  hammer,  and  are  thrown  away. 

The  antimony-iron  alloy,  technically  known  as  "  singles^*  contains 
91*63  per  cent,  antimony,  7*23  per  cent,  iron,  0*82  per  cent,  sulphur, 
and  0*32  per  cent,  insoluble  matter. 

The  iron  in  the  alloy  is  removed,  as  already  stated,  by  fusion  with 
sulphide  of  antimony.  To  ensure  the  complete  removal  of  the  in>n. 
excess  of  the  sulphide  is  used.  The  iron  sulphide  separates  as  a 
matte,  an  equivalent  quantity  of  antimony  being  set  free,  and 
common  salt  or  sometimes  soda  ash  is  added  as  a  cover  and  to  tius 
the  sulphides.  The  charge  consists  of  92*6  lbs.  of  broken  regulu; 
7*5  to  9  lbs.  of  liquated  sulphide,  and  4*4  lbs.  of  salt,  and  the  sawf 
furnace  is  used  as  in  the  former  process.  The  fused  mass  is  stinvd 
from  time  to  time  with  an  iron  rod,  and  the  time  required  for  ^ 
charge  is  about  1 J  hours.  At  the  conclusion  of  this  fusion  the  slaz 
and  matte  are  removed  with  an  iron  spoon  and  the  contents  of  ihc 
pot  poured  into  a  conical  cast  iron  mould,  the  matte  and  skimmint:^ 
being  added  to  subsequent  smeltings  of  ore. 
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The  metal,  which  at  this  stage  is  known  as  " star  howls**  contains 
9553  per  cent,  antimony,  018  per  cent,  iron,  and  016  per  cent 
sulphur.  The  presence  of  sulphur,  which  is  due  to  the  excess  of 
sulphide  used  in  the  second  fusion,  may  be  recognised  by  the 
appearance  of  small  glistening  patches  in  the  crystalline  pattern  on 
the  sur&ce  of  the  casting. 

In  order  to  remove  the  sulphur  and  to  produce  the  so-called 
"  star  antiTnony  "  the  "  star  howls  *'  have  to  be  further  refined.  To  do 
this  a  fused  mixture  of  potash  and  sulphide  of  antimony  is  added  to 
the  metal  in  a  graphite  crucible  in  the  same  furnace  as  was  used  in 
the  previous  operations.  The  charge  is  92*6  lbs.  of  metal  and 
8*8  lbs.  of  the  fluxes,  the  latter  being  added  after  the  fusion  of  the 
metal.  The  pots  are  placed  in  the  hottest  part  of  the  furnace  as 
close  as  possible  to  the  fire,  and,  when  the  fusion  is  complete,  the 
contents  of  the  pots  are  stirred  with  an  iron  rod  and  poured. 

The  consumption  of  coal  per  week  for  the  above  method  of  treat- 
nent  is  22  tons  or  IJ  tons  per  shift  of  12  hours.  Eleven  crucibles 
ire  used,  on  the  average,  per  ton  of  antimony  produced,  and  35  men 
ire  required  to  work  a  furnace,  as  shown  in  this  table : — 

Per  side  of  the               For  the  whole  Per  day 

furnace  per  shift,          furnace  per  shift,  of 

12  hours.                        12  hours.  24  hours. 

Firemen 1          ....          —         ...  4 

Fumacemen 4          ....         —          ...  16 

Refiners —          ....            2          ...  4 

Metal  breakers —          ....           2  4 

Charge  mixer ...      —          ....            1  2 

Workers  on  day  shift  only,  viz.,  one  "j 

smith,  one  boiler  and  engineman,  V     —          ....          —          ...  5 

and  three  labourers j 

35 


The  loss  in  this  process  is  10  per  cent,  of  the  antimony  con- 
incd  in  the  ore,  the  greater  part  of  which  is  due  to  volatilisation 
iring  smelting.  Condensing  chambers  are  connected  with  these 
maces  and  are  cleaned  out  four  times  a  year,  when  a  large  quantity 

white  flue-dust  is  obtained.  This  contains  70  to  72  per  cent,  of 
itimony  and  is  mixed  with  coal  dust  and  smelted  with  charges  of 
e. 

At  Magurka,  in  Hungary,  the  precipitation  method  was  formerly 

use  :  pot  furnaces  and  graphite  crucibles  were  employed.  Charges 
20  to  22  lbs.  of  antimony  sulphide  with  iron,  potash,  and  pan  scale 
oin  salt  works)  were  treated.  The  process  was  divided  into  two 
c*  rations. 

Reverberatory  furnaces  are  said  to  be  in  use  at  Linz,  Schlciz  in 
E  many,  and  at  Alais  in  France.     It  is  impossible  to  prevent  con- 
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siderable  loss  by  volatilisation  in  these  furnaces,  and  they  mua 
therefore  be  connected  with  very  long  condensing  flues  in  order  t| 
collect  the  metallic  fume.  The  bed  too  must  be  very  tight  in  ord^ 
to  prevent  leakage  of  the  fused  metal,  which  is  very  fluid.  At  tl^ 
deepest  point  of  the  bed  a  tap-hole  is  provided  for  drawing  off  tb 
smelted  charge.  The  detailed  results  of  work  in  these  furnaces  M 
not  known  to  the  author ;  in  any  case  there  must  be  much  great^ 
loss  than  in  the  pot  fumace-s.  I 

T.  C.  Sanderson  ^  charges  the  ore  carefully  into  a  bath  of  ivd 
sulphide  on  the  bed  of  a  reverberatory  furnace.  After  all  the  oi 
has  been  added,  iron  is  put  in  to  decompose  the  sulphide  i 
antimony,  the  doors  of  the  furnace  are  closed,  the  temperatui 
raised  and  the  mass  stirred.  After  complete  decompositiol 
the  antimony  is  tapped,  and  the  tap-hole  closed  as  soon  ^ 
sulphide  of  iron  appears.  Slag  is  withdrawn  through  the  worl 
ing  doors ;  sulphide  of  iron  is  removed  until  the  bed  holds  i] 
original  quantity,  and  a  new  charge  of  ore  is  added.  This  metho 
is  said  to  have  given  good  results,  and  has  been  in  practi^ 
already  over  a  year.^ 

Hering  has  experimented  with  shaft  furnaces  for  the  treatnui 
of  liquation  residues  by  the  precipitation  method.  Although  h 
experiments  were  not  continued  as  far  as  the  attainment  of  a  defini 
result,  and  in  spite  of  the  unsatisfactory  results  of  previous  worked 
it  appears  that  this  method  could  be  carried  out  in  shaft  furnaces  i\x\ 
that  the  result  would  be  the  more  satisfactory  the  richer  were  tl 
ores  treated. 

JP)'oduets  of  the  JExtradion  of  Crvde  Antimony  \ 

These  are  uiu^efined  antimony  and  slags.  The  former  con  tail 
many  foreign  elements,  more  particularly  arsenic,  iron,  copper  ar 
sulphur,  as  the  following  analyses  show  : — 

1.  2.  3.  4.  5. 

From  Fahlon-^}«^ 
dc«silTcri»&J  U\ 
antalg»matit>i]  in  U 
Stephau  Wurk« 


Method  of  extraction  . 

Furnace  used .   .   .   .   , 
AnivlyBt 

Sb 

s 

Fe 

Co , 

Ni 

Cu 

As 

All 


Procipitatiou. 

Reverberatory. 
Uelmhacker. 


By  reduction  of 
oxidised  ores. 

Shaft  furnace. 


lH-5 
20 
.3-0 


0-25 
traces 


84  0 
5-0 
10-0 


10 


97-2 
0-2 
2-5 


01 


950 
0-75 
4-0 


0-25 


90-77 
2i) 

1  \V» 

r»-73 


^  United  States  patent,  Nov.  18,  1902,  No.  714,040. 
'^  The  Mill,  hid,,  1903,  p.  43, 
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I     The  impure  antimony  has  to  be  refined. 

I  Slags  from  the  extraction  of  antimony  by  the  roasting  and  reduc- 
lion  method  consist  principally  of  silicates,  those  from  the  precipita- 
bon  method  of  silicates  and  sulphides.  Some  of  them  are  thrown 
pway  and  some  are  used  in  the  first  smelting  of  the  ores. 


THE  EXTRACTION  OF  ANTIMONY  FROM  METALLURGICAL  BYE-PRODUCTS 
WHICH   CONTAIN   ANTIMONY 

The  following  bye-products  are  produced  in  the  process  of  ex- 
tracting antimony  from  its  ores :  liquation  residues,  matte,  slags, 
refinery  slags  and  flue-dust.  These,  if  sufficiently  rich,  are  added  to 
the  charges  in  smelting  the  ore;  the  liquation  dross,  however,  is 
subjected  to  a  preliminary  roasting,  and  the  flue- dust  is  intimately 
mixed  with  lime,  before  it  is  smelted.  Liquation  residues  are  also 
sometimes  treated  separately  in  shaft  furnaces. 

At  the  Stephan  Works  in  Upper  Hungary,  antimony  is  extracted 
from  the  speiss,  which  has  been  desilverised  by  amalgamation  ;  this 
speiss  is  obtained  by  smelting  fahl-ores.  The  antimony  is  extracted 
by  smelting  the  speiss  with  pyritic  ores  in  shaft  furnaces.  The 
copper  is  converted  into  sulphide  by  the  sulphur  of  the  pyrites,  and 
the  impure  antimony  obtained  is  refined. 

c.   The  Refining  of  AiUiniony 

Unrefined  antimony,  as  already  stated,  usually  contains  sulphur, 
iron,  arsenic  and  copper,  and  frequently  lead  as  well.  These  im- 
purities, with  the  exception  of  lead,  can  be  eliminated  partly  by 
:)xidising  and  slagging  agents,  partly  by  sulphurising  agents,  and 
partly  by  chlorinating  agents.  Sulphur  is  removed  by  fusion  with 
joda  or  potash  or  antimony  glass  (antimony  oxysulphide). 

Arsenic  is  converted  by  soda  or  potash  into  arseniate  of  soda  or 
[>otash,  and  can  thus  be  removed.  Copper  and  iron  are  converted 
3y  sulphide  of  antimony  into  sulphides ;  the  conversion  is  facilitated 
)y  the  addition  of  soda  or  potash,  or  of  glauber  salt  and  charcoal. 
The  sulphides  of  iron  and  copper  form  a  slag  with  the  sulphide  of 
MKlium,  which  results  from  the  reduction  of  the  glauber  salt,  and 
vith  the  soda  or  potash  present.  They  can  also  be  removed  ejisily 
>y  antimony  glass. 

Common  salt,  carnallite  or  magnesium  chloride,  when  added, 
:ause  the  volatilisation  of  some  foreign  metals  as  chlorides,  and  slags 
,he  others.     A  large  quantity  of  antimony,  however,  is  volatilised  at 
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the  same  time,  so  that  on  the  large  scale  this  method  is  attended 
with  great  loss  of  metal. 

The  above-mentioned  methods  do  not  eliminate  lead,  because 
metallic  antimony  separates  lead  from  its  oxide  or  sulphide:  lead 
can  only  be  separated  from  antimony  by  chloridising,  which  causes 
great  loss  of  antimony,  and  even  then  the  lead  is  only  incompletely 
removed. 

Mitscherlich  suggested  that  the  lead  should  be  removed  from  the 
sulphide  of  antimony  before  the  latter  was  smelted,  by  fusing  the 
sulphide  with  4  per  cent,  of  iron ;  by  this  means  the  whole  of  the 
lead  and  a  comparatively  small  amount  of  antimony  would  be 
removed.  From  all  this  it  is  obvious  that  the  best  way  to  produw 
an  antimony  free  from  lead  is  to  use  an  ore  which  is  itself  free  from 
that  impurity. 

It  has  already  been  pointed  out  that  in  commerce  antimony  i? 
judged  by  the  appearance  of  the  fern-like  "  star "  on  its  surface. 
This  characteristic  is  not  exhibited  by  impure  metal,  nor  by  the  pure 
metal  if  any  part  of  the  surface  has  been  exposed  during  solidifi- 
cation, nor  if  the  slag  covering  set  before  the  metal,  nor  if  undecom- 
posed  soda  or  potash  come  into  contact  (even  in  minute  quantities; 
with  the  surface.  Ingots  which  do  not  show  the  star  must,  if 
impure,  be  refined,  and  if  pure,  be  recast  and  allowed  to  cool  under 
the  proper  conditions.  Small  ingots  will  show  only  a  single  large 
star,  while  larger  ones  will  show  several  and  will  have  a  fem-like 
pattern  on  their  sides. 

The  refining  is  done  either  in  crucibles  in  pot  furnaces,  or  in 
reverberatory  furnaces.  The  former  method  requires  a  greater  fuel 
consumption,  and  therefore  for  the  production  of  large  quantities  or 
refined  antimony,  reverberatory  furnaces  are  preferred,  but  the  Ksv> 
of  metal  in  the  process  amounts  to  between  20  and  30  per  cent. 
At  many  works  in  England  the  refining  is  performed  as  a  part  of  the 
process  of  extraction. 

1.    REFINING    IN   POT   FURNACES 

This  kind  of  furnace  is,  or  used  to  be,  in  use  at  Septemes  in 
France,  in  England,  and  at  Oakland  in  California. 

At  Septemes,  30  crucibles  were  ari^anged  on  a  level  bed  in  om- 
furnace ;  the  shape  of  the  furnace  being  that  of  a  barrel  cut  length- 
ways down  the  middle.  The  following  were  the  dimensions  of  thi 
furnace : — length,  7  feet ;  breadth  across  each  end,  4  feet ;  breadth  m 
the  middle,  5  feet;  the  bed  was  6  inches  lower  than  the  bridge 


ANTIMONA,^^^^^  585 

The  roof  was  8  inches  above  the  bridge,  1  foot  6  inches  above  the 
middle  of  the  bed,  and  10  inches  at  the  end  where  the  flue  left  the 
furnace.  The  dimensions  of  the  fireplace  were: — length,  5  feet; 
breadth,  1  foot  8  inches ;  depth  from  roof  to  bars,  1  foot  4  inches. 
The  working  door  was  placed  in  the  front  longer  side  and  was  20 
inches  wide.  The  crucibles  were  made  of  fireclay  and  stood  5  or  6 
charges  each,  each  charge  consisting  of  48*5  lbs.  of  impure  antimony. 
The  flux  used  was  a  mixture  of  sulphate  and  carbonate  of  soda 
with  a  little  salt  and  pure  oxidised  antimony  ores;  13  to  17  lbs.  of 
this  mixture  was  added  to  each  charge.  The  fusion  was  conducted 
at  a  low  red  heat  and  lasted  6  hours,  during  which  time  450  to 
550  lbs.  of  coal  was  used. 

In  England,  the  refining  is  carried  out  as  described  on  p.  580. 
The  flux  used  is  prepared  by  fusing  together  3  parts  of  potash  and  2 
parts  of  crude  antimony ;  8*8  lbs.  of  this  is  added  to  185  lbs.  of  the 
impure  metal,  which  must  be  carefully  cleaned  from  adhering  slag 
and  matte.  At  the  conclusion  of  the  fusion,  the  contents  of  the  pot 
are  poured  together  into  a  conical  mould ;  when  cold  the  slag  is 
easily  separated  from  the  metal.  The  slag  is  used  again  with  the 
addition  of  a  little  potash.  The  star  only  appears  when  the  surface 
of  the  cooling  metal  is  completely  covered  with  a  quarter  of  an  inch 
of  slag.  When  the  ingot  is  cold  the  slag  is  removed  by  scrubbing 
with  water  and  sand. 


2.   REFINING   IN   REVERBERATORY   FURNACES 

Reverberatories  are  or  were  used  at  Milleschau,  at  Banya,  at  Siena, 
and  at  Oakland.  It  is  most  necessary  that  the  furnace  should  have 
a  tight  bed  and  one  which  will  resist  the  action  of  the  fused  alkalies, 
otherwise  the  metal  will  leak  through.  It  is  best  to  build  it  of 
blocks  of  a  native  fire-resisting  stone  such  as  granite ;  newly  cut 
stone,  however,  cannot  be  used,  partly  weathered  and  seasoned  stone 
being  better.^  If  such  stope  is  not  available,  a  mixture  of  burnt 
and  raw  clay  may  be  used,  but  in  this  case  it  will  need  to  be  rammed 
into  an  iron  pan. 

Figs.  444 — 446  show  the  construction  of  a  furnace  built  by  Bering 
at  Milleschau,  and  used  and  worked  successfully,  and  which  was 
particularly  commended  by  Helmhacker.^ 

The  bed  consists  of  a  granite  block  g  which  is  carried  by  three  iron 
rollers  c,  in  order  that  it  may  be  easily  placed  in  and  removed  from 

*  Berg,-  und  HiUien-ZtUung,  1883,  pp.  1,  44,  145,  and  172. 
2  Berg,'  und  HtUten-Zeitung,  1883,  loc,  cit. 
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the  furnace.  The  rollers  run  on  the  three  railway  bars  /.  The  bed 
is  in  contact  with  the  furnace  wall  only  at  the  front,  or  working  side. 
There  is  a  depression  or  sump  in  the  bed  at  rf,  in  which  the  antimony 
collects  and  from  which  it  can  be  ladled ;  b  is  the  working  door  at 
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the  opposite  end  to  the  firebridge.  On  account  of  the  diflSculty  ot 
working  with  only  one  door,  the  later  patterns  of  furnace  are  proridtMl 
with  two  opposite  to  each  other,  one  on  either  side  at  the  flue  end  «'t 
the  furnace.  One  of  them  is  used  to  draw  the  slag,  and  the  other  i^ 
used  for  ladling  ou t  the  metal  and  charging.  The  firebridge  is  prondtni 
with  vertical  channels  a^  in  which  air  for  the  complete  combustion  of 
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the  fire  gases  can  be  heated.  These  channels  are  connected  with  a 
horizontal  flue  running  through  the  bridge  and  provided  with  a  slide, 
so  that  the  amount  of  air  admitted  may  be  regulated.  G  is  the 
chimney  provided  with  a  damper.  The  charge  for  a  furnace  of  these 
dimensions  is  1,200  to  1,500  lbs.  exclusive  of  the  fluxes. 

At  Banya  the  bed  is  built  of  fireclay  11  inches  thick  contained  by, 
and  well  rammed  into,  an  iron  box  13  feet  long  and  8  feet  2  inches 
wide.     A  charge  consists  of  10  cwt.  of  unrefined  metal. 

In  the  Milleschau  furnace  described  above,  antimony  which 
contains  large  quantities  of  impurity  is  refined  first  by  soda  and 
then  by  antimony  glass,  while  the  purer  sorts  are  refined  by  antimony 
glass  alone.  The  tetroxide  of  antimony  used  in  making  the  glass  is 
obtained  in  the  form  of  crusts  which  form  in  the  hottest  part  of  the 
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chimney.  According  to  Helmhacker^  the  procedure  in  refining  is 
as  foUoAVS : — 

The  charge  of  1,200  to  1,500  lbs.  is  thrown  into  the  red-hot  furnace 
as  rapidly  as  possible,  and  melted  in  less  than  an  hour.  Vapour  of 
antimonious  and  arsenious  oxides  are  given  off  both  during  the 
charging  and  during  the  fusion.  According  to  the  purity  of  the 
metal  from  3  to  7  per  cent,  of  soda  is  added  as  soon  as  it  is  fused ;  it 
is  well  to  mix  a  little  coke-dust  or  fine  charcoal  with  the  soda :  after 
this,  the  heat  is  raised  to  bright  redness  in  order  to  fuse  the  soda. 

The  slag  gradually  becomes  thicker  and  thicker  till,  after  about  3 
hours,  the  bubbles,  which  at  first  were  numerous,  rise  very  slowly 
through  the  charge.  The  slag  is  then  very  carefully  skimmed  off 
through  the  working  door. 

*  B^g-  und  Hiilten-Ztitung,  1883,  loc.  cit. 


588  METALLURGY 

At  this  stage  iron  and  sulphur  are  stiH  left  in  the  metal,  and  u* 
remove  these  the  materials  for  the  formation  of  antimony  glass  are 
now  added.  For  each  100  lbs.  of  antimony  in  the  charge,  3  lbs,  of 
liquated  sulphide  of  antimony  and  1^  lbs.  of  antimony  tetroxide  art 
thrown  in,  and  when  these  are  fused  4J  lbs.  of  potash  or  white  flux 
are  further  added. 

The  fluxes  must  completely  cover  the  bath  of  metal. 

At  the  end  of  a  quarter  of  an  hour  the  antimony  is  pure  and  may 
be  ladled,  which  is  done  with  iron  ladles,  very  cautiously,  in  order  to 
secure  the  starred  appearance  of  the  ingots.  When  cold  the  ingots 
arc  removed  from  the  moulds  and  the  layers  of  slag  broken  off  by 
means  of  a  hammer. 

Three  charges  of  1,300  to  1,500  lbs.  each  can  be  refined  in  one  of 
these  furnaces  in  24  hours;  the  consumption  of  coal  is  1,300  lbs. 
for  the  three  charges. 

The  slag  obtained  in  the  last  process  of  refining,  the  so-called 
star  slag,  consists  principally  of  antimony  glass,  and  contains  from 
20  to  60  per  cent,  of  antimony ;  it  is  generally  used  over  again  for 
refining.  When  it  becomes  too  impure  for  this  purpose,  it  is  added 
to  charges  of  ore  which  are  about  to  be  smelted ;  the  other  slags 
obtained  in  the  course  of  refining  are  also  smelted  with  ore  chaiges. 
The  impurities  in  star  slag  are  sulphides  of  iron  and  nickel,  iron 
oxides  and  silica. 

Loss  of  metal  takes  place  in  refining  by  volatilisation  and  in  the 
flue-dust,  and  amounts  to  20 — 30  per  cent.  Flue-dust  is  principally 
antimony  trioxide  and  tetroxide.  The  cost  of  refining  is  said  to  bt^ 
2 J  to  3  marks  per  100  kilos  (i.e.  Is.  3d,  to  Is.  7d.  per  cwt.). 

At  Banya  the  charge  for  the  furnace  above  described  is  990  lbs. 
of  higher  grade  metal  (90  per  cent.  Sb),  and  110  lbs.  of  the  lower 
grade  metal  (74  per  cent.  Sb).  To  this  are  added  926  lbs.  of  sodiuoj 
sulphate,  11  lbs.  of  powdered  charcoal  and  330  lbs.  of  raw  ore.  After 
10  hours  the  slag  is  drawn  off  and  the  materials  for  forming  the  star 
slag  are  added,  viz. : — 22  lbs.  of  crude  antimony,  13'2  lbs.  of  roasted 
sulphide  of  antimony,  7-5  lbs.  of  potash  and  5*7  lbs.  of  soda  ash.  The 
refined  star  antimony  which  is  obtained  contains  impurities  to  the 
following  amounts : — 

Arsenic 0*330  per  cent. 

Iron 0052       „ 

Silver 0006       „ 

Sulphur 0-720       „ 

Total  impurity  .    ,      1108 
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At  Siena,  where  the  unrefined  metal  is  less  impure,  the  total 
weights  of  260  charges  are  given  as  follows: — 115,255  lbs.  of  un- 
refined metal,  27,229  lbs.  of  salt,  767  lbs.  of  roasted  ore,  12,549  lbs. 
of  refinery  slag.  The  refined  antimony  obtained  was  107,697  lbs., 
which  is  equal  to  93'5  per  cent. 


The  ProdvMs  of  Refining 

These  are — refined  antimony,  refinery  slag  and  star  slag. 
Befined    antimony, — The    composition   of    metal   from   dififerent 
sources  is  seen  from  the  following  table. 

I.  11.  in.  IV.  V.  VI. 

Analyst Hirael.         Booth,  Garret,  and  Blair.  Himly. 

Sb 98*27  98-34  99-081  98*98  98'81  98*87 

Cu 0*54  0*021  0*052  001  0*02  002 

Fe 0*63  0144  0039  0*35  0  34  016 

Pb  .    .    .    .        .         -  0*410  0*538  0*34  0*34  0*73 

Ab —  1008  0*036  009  0*36  0  09 

Bi 0*36  _____ 

S —  0*064  0*254  0*23  012  0*11 

Co  and  Ni  —  0  013  traces  _                 _  _ 

B^finery  slag  contains  from  20  to  60  per  cent,  of  antimony,  and  is 
a  mixture  of  soda,  sodium  sulphantimoniate,  antimony  trioxide  and 
tetroxide,  ferrous  oxide,  iron  sulphide,  arsenic  oxide,  and  smaller  pro- 
{Hjrtions  of  silica  and  alumina ;  it  is  added  to  charges  of  ore. 

Star  slag  consists  principally  of  antimony  glass,  and  is  used  re- 
peatedly till  it  becomes  too  impure  for  further  use  in  refining,  when 
it  is  added  to  ore  charges. 


II.  Proposals  for  the  Extraction  of  Antimony  by  Wet 

Methods 

There  have  been  several  proposals  of  this  nature  for  the  extraction 
of  antimony  from  poor  ores  and  liquation  residues,  but  as  yet  they 
have  found  no  practical  application  and  appear  to  have  no  prospect 
of  adoption. 

Hydrochloric  acid,  ferric  chloride  and  alkaline  sulphides  have 
been  proposed  as  solvents. 

The  method  of  Hargraves  ^  is,  to  treat  the  finely  powdered  ore 
with  hydrochloric  acid,  heat  being  applied  at  the  same  time.  The 
solution  after  being  neutralised  with  lime  is  to  be  treated  with  zinc 

*  Dingier,  vol.  cciii.,  p.  153. 
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or  iron  in  order  to  precipitate  the  antimony.  The  precipitated 
metal  is  to  be  washed  successively  with  antimony  trichloride  solu- 
tion, hydrochloric  acid  and  water,  and  then  fused  with  potash  in 
crucibles. 

Smith's  method  is  similar. 

Hering  also  proposes  hydrochloric  acid  as  a  solvent  for  liquation 
residues.^  He  precipitates  the  antimony  from  the  solution  as  basic 
chloride  by  water,  or  as  sulphide  by  sulphuretted  hydrogen.  The 
latter  is  to  be  obtained  by  digesting  the  liquation  residues  with 
hydrochloric  acid.  The  basic  chloride  or  sulphide  obtained  is  not 
further  treated,  but  is  to  be  sent  to  market  as  such. 

Rud.  Koepp  &  Co.-  propose  ferric  chloride  as  a  solvent.  Sulphide 
of  antimony  reduces  it  according  to  this  equation : — 

SFcgClej + SbgSj  =  BFeCla + 2SbCl3 + S3. 

The  reaction  proceeds  well  when  hydrochloric  acid  or  haloid  salt< 
are  present. 

E.  W.  Pamell  and  J.  Simpson  '  have  proposed  alkaline  sulphides 
as  solvents. 

Edwards*  proposes  to  separate  gold  and  silver  from  antimonv 
ores  containing  them  by  digestion  with  a  cold  7  per  cent,  solution 
of  calcium  sulphide,  which  dissolves  the  antimony  and  leaves  the 
precious  metals.  By  treatment  of  the  solution  of  the  sulphides 
of  calcium  and  antimony  thus  obtained  with  carbon  dioxide  in 
closed  vessels,  calcium  carbonate  is  first  precipitated,  and  afterwards 
antimony  sulphide.  The  hydrogen  sulphide  evolved  in  this  reaction 
may  be  used  to  regenerate  calcium  sulphide  solution  by  bubbling  it 
through  milk  of  lime. 

Proposals  have  also  been  made  to  heat  silver-bearing  antimonial 
fahl-ores  free  from  lime  with  glauber  salt  and  coal,  in  order  i<' 
convert  the  antimony  into  the  double  sulphide  of  sodium  an<l 
antimony.  This  salt  may  then  be  leached  out  and  decorapo»?<i 
by  sulphur  dioxide  with  formation  of  antimony  sulphide  and  sodiuru 
thiosulphate,  and  the  sulphide  precipitate  treated  for  antimony 
in  the  ordinary  manner.  Any  silver  or  copper  in  the  ore  would  K- 
left  behind  in  the  residues  from  the  leaching  process. 

*  Dingier,  vol.  ccxxx.,  p.  253. 

■-*  (ierman  Patent,  No.  06,547,  of  12  April,  1892. 

8  English  Patent,  No.  11,882,  of  1  8epteml)er,  1884  ;  Chem.  Ztg„  1885,  p.  41i 

*  English  Patent,  July  2,  1897,  No.  15,791. 
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III.  Methods  Proposed  for  Extracting  Antimony  Electro- 

LYTICALLY 

Although  Luckow  in  1880,  and  Classen^  and  Ludwig  in  1885, 
published  a  method  for  the  electrolytic  determination  of  antimony, 
no  method  of  extraction  based  on  this  principle  has  hitherto  been 
adopted.  It  is  questionable,  apart  from  the  technical  difficulties,  if 
antimony  can  be  profitably  extracted  in  this  way. 

Borchers  *  has  proposed  a  method,  based  on  his  own  experiments, 
for  the  extraction  of  antimony  from  ores  by  the  use  of  insoluble 
anodes.  He  uses  as  solvent  sodium  sulphide,  which  easily  dissolves 
antimony  sulphide,  and  separates  the  antimony  from  the  solution  by 
means  of  the  electric  current.  The  action  takes  place  best  when 
three  molecules  of  sodium  sulphide  (NagS)  are  present  for  each 
molecule  of  antimony  sulphide  (SbgS^).  If  the  antimony  sulphide 
exceeds  this  proportion,  sulphur  is  liberated  and  interferes  with  the 
action,  while  if  sodium  sulphide  be  in  excess,  the  resistance  of  the 
electrolyte  is  increased.  The  strength  of  the  solution  should  not 
exceed  9°  B.  when  hot  or  12°  B.  when  cold,  and  to  this  3  per  cent,  of 
salt  is  added.  The  latter  promotes  the  separation  of  the  dissolved 
sulphide  of  iron  and  reduces  the  electric  resistance  of  the  liquid. 

Iron  tanks  are  used  as  decomposition  cells,  and  serve  also  as 
cathodes.  When  the  tanks  are  rectangular,  iron  plates  are  suspended 
in  the  liquid  to  increase  the  cathode  surface.  Lead  plates  are  used 
as  anodes.  Lead  is  not  dissolved  by  the  electrolyte  in  the  presence 
of  sulphur  compounds ;  these  latter  also  prevent  the  formation  of 
large  quantities  of  lead  peroxide  at  the  anode  as  it  is  reduced  at  once 
by  the  sulphur  as  soon  as  formed. 

Th^  tension  required  in  each  cell  for  the  decomposition  is  stated 
to  be  2  to  2J  volts,  with  a  current  of  37  to  4*6  amperes  per  square 
foot. 

Borchers  *  found  in  the  course  of  his  investigations  that  the  same 
quantity  of  antimony  was  separated  from  solutions  of  sulphantimoni- 
ates  and  sulphantimonites  for  the  same  consumption  of  electrical 
energy,  notwithstanding  the  difference  in  valency  of  antimony  in  the 
two  classes  of  compounds.  It  would  thus  be  unsuitable  to  bring  the 
antimony  into  solution  as  sulphantimoniate,  as  sulphur  would  have 
U)  be  added  to  the  leaching  liquor,  and  sodium  sulphide  or  hydroxide  to 

*  Ber.  Dtutsch.  Chem.  Oes.,  vol.  xviii.,  p.  1104  ;  Classen,  Quant,  chem.  Anal,  dnrch 
E/fMrolyse.     Stuttgart,  1886. 

-  Elektro-Meiallurgie,  p.  148.     Braunschweig,  1891.. 
'  Elel'lromctallarijie,  1903,  pp.  485,  486. 
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the  electrolyte.  The  liberation  of  hydrogen  gas  along  with  metallic 
antimony  at  the  cathode  was  confirmed,  and  at  the  anode  the  oxida- 
tion products  of  sodium  sulphide,  together  with  oxygen,  sulphur,  and 
antimony  sulphide.  Despite  the  investigations  of  Durkee,^  Scheurer- 
Kestner,^  and  of  Ost  and  Klapproth,*  the  reactions  occurring  during 
the  electrolytic  process  are  not  yet  quite  clear. 

The  antimony  is  deposited  as  powder  or  as  shining  scales  accord- 
ing to  the  current  density.  It  falls  partly  to  the  bottom  of  the  bath, 
and  clings  in  part  to  the  iron-plate  electrode ;  from  the  latter  it  can 
be  removed  by  means  of  a  steel  brush.  After  washing  it  is  dried 
and  then  fused  with  addition  of  basic  fluxes  like  soda  or  potash 
under  a  cover  of  antimony  oxysulphide  or  of  some  sulphantimonite. 
In  this  way  it  is  obtained  pure. 

The  electrolyte,  after  being  deprived  of  antimony,  may  be  worked 
up  for  sodium  thiosulphate  (hyposulphite).  This  method,  which  is 
based  on  the  use  of  insoluble  electrodes,  has  not  yet  been  establishcil 
on  a  large  scale. 

Borchers*  has  also  proposed  a  plant  for  the  extraction  of  anti- 
mony. This  is  shown  in  Figs.  447  to  450.  The  trisulphide  is 
dissolved  in  the  conical  vessel  a  (Figs.  447  and  448)  by  means  o! 
sodium  sulphide  solution.  This  is  heated  up  to  boiling  by  live  steam 
from  the  pipe  6,  and  the  finely  powdered  ore  added.  After  solution 
the  whole  is  heated  and  agitated  by  a  current  of  live  steam  ;  frtim 
time  to  time  a  blast  of  air  from  the  steam  blower  c,  attached  to  tho 
pipe  6,  may  be  used  for  purposes  of  agitation.  After  the  insoluble 
matter  has  settled,  the  liquor  is  drawn  off  through  the  pipe/  into  tht- 
collecting  tank  g.  To  get  a  constantly  clear  solution  the  verticsil 
continuation  of  the  pipe /in  the  solution  bath  operates  in  connection 
with  a  bell-shaped  syphon  rf.  This  is  a  wide  tube  closed  at  the 
upper  end,  and  capable  of  being  raised  or  lowered  by  means  of  thv 
chain  and  pulley,  which  hang  over  the  open  end  of  the  pipe  f.  By 
moving  this  bell  up  or  down,  it  is  possible  to  run  off  the  clear 
solution  almost  down  to  the  level  of  the  residues. 

The  solution  is  raised  from  the  tank  ^  through  the  pipe  A,  whence 
it  flows  along  the  gutter  i  into  the  holder  A,  and  is  distributed  from 
there  to  the  baths  /.  The  spent  liquor  from  the  baths  is  drawn  i»rt 
through  the  gutter  m  to  the  storage  tank  n,  and  can  be  either  j?<-n: 
back  to  the  baths  from  this  tank,  or  in  case  it  is  unfit  for  use  it  csm 
be  treated  for  sulphur  or  thiosulphate. 

>  Zeil.  fur  Elektro-chemie,  1896,  iii,,  153. 

-  Ihid.,  1897,  iv.,  p.  215.  »  Ibid.,  1900,  vii.,  p.  376. 

*  Klektro-metallnrgie,  1896,  337  ;  1903,  487. 
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The  residues  from  the  first  extraction  are  treated  with  fivsli 
sodium  sulphide  solution  and  then  boiled  repeatedly  with  water. 
they  are  then  allowed  to  escape  through  a  hole  in  the  bottom  of  tb. 
bath  on  to  a  filter  p,  where  they  are  washed  again  with  hot  \vat«  r. 
The  wash-waters  are  collected  in  the  holder  ^,  and  are  ushI  tor 
washing  other  residues.  The  fresh  sodium  sulphide  solution  whicb 
is  used  after  the  first  extraction  is  run  into  another  solution  tank  anl 
used  to  treat  a  fresh  quantity  of  ore. 

Figs.  447  and  448  are  ^J^tt  of  the  natural  size.  Borchers  think< 
that  with  such  a  plant  6  to  8  cwts.  of  antimony  could  be  extn\ct^l 


Via.  44t». 


from    ores   containing    less   than    10    per   cent,   of    the    metal  in 
12  hours. 

The  arrangement  of  the  electrolytic  baths  is  seen  (on  a  hK' 
scale)  in  Figs.  449  and  450.  A  are  the  anodes,  K  the  cathcnl - 
These  are  hung  in  iron  baths.  The  cathodes  are  of  sheet-iron  ar.'l 
bolted  on  to  the  rails  T,  and  rest  directly  upon  the  rim  of  the  baths  ^< 
that  the  baths  also  are  cathodes.  The  anodes  are  plates  of  V-^^ 
suspended  from  iron  rails  which  rest  on  the  copper  or  iron  strip"' 
forming  the  positive  leads.  These  leads  are  isolated  by  resting  ■  n 
the  wooden  baulks  J.  The  electrolyte  is  fed  in  at  the  bottom  ot 'li* 
bath  since  it  becomes  less  dense  as  the  antimony  is  removed.  Ttu> 
is  effected  by  the  three-way  cock  D  under  the  bath,  which  also  all"^^ 
of  the  removal  of  liquor  through  the  supporting  tubes  X  Tir 
electrolyte  moves  upwards  in  the  bath  jind  escapes  at  the  overtlo\^ '' 
through  the  rubber  pipes  S  into  the  next  bath,  the  rubber  serving  •' 
insulate  the  various  baths  from  one  another.     An  inclined  plati*  T  i' 


ANTIMONY 


595 


the  bottom  of  the  bath,  and  a  plate  V  in  the  corresponding  side  of 
the  bath,  projecting  over  V,  ensure  the  even  distribution  of  the 
electrolyte  by  forming  a  channel  the  whole  length  of  the  electrodes, 
along  which  the  liquid  must  flow.  The  sheet  V  also  prevents 
particles  of  metal  from  being  swept  away  from  the  bottom  of  the 
bath  when  the  liquid  is  run  off. 

Koepps   method   is   to   act   on   antimony   sulphide   with    ferric 


Fig.  450. 


chloride    with    the  result   that  ferrous  chloride  and   antimony  tri- 
chloride are  formed  and  sulphur  is  separated,  thus : — 

6Fe,Cle+Sb2S3  =  6FeCl2+2SbCl3+S3. 

The  solution  is  electrolysed  at  a  temperature  of  50°  C.  between 
lead  plates.  The  antimony  is  deposited  at  the  cathode  and  ferric 
chloride  is  formed  at  the  anode.  The  current  used  is  3*7  amperes 
per  square  foot,  but  no  information  is  given  about  the  potential  in 
the  bath.  It  may  be  noted,  however,  that  a  practically  useful 
n^ietal  is  never  obtained  when  chlorides  are  used  as  electrolytes. 

Siemens  and  Halske  ^  use  as  solvent  either  the  sulphides,  hydro- 
sulphides  or  polysulphides  of  the  alkalis.  The  finely  ground  ore  is 
lixiviated  with  a  solution  of  the  sulphide,  or  hydrosulphide  as  the 


»  'ierman  Patent,  No.  67,973,  June  29,  1892. 
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case  may  be,  when  the  sulphide  of  antimony  is  brought  into  solution 
in  the  form  of  a  double  salt,  e,g.  with  NaHS  : — 

SbgS^ + 6NaHS  =  Sb^Sj-SNa^S  +  SH^S. 

The  liquor  is  then  led  into  the  cathode  division  of  a  bath  which 
is  divided  by  diaphragms  into  series  of  anode  and  cathode  division>. 
the  former  being  closed  and  gas-tight  and  containing  insolubU* 
anodes  of  carbon  or  platinum,  and  the  latter  being  open  and  fittel 
with  cathodes  of  copper  or  antimony  plates. 

The  double  salt  is  decomposed  at  the  cathode,  viz  : — 

Sb^Sj-SNa^S  +  6H  =  2Sb  +  6NaHS. 

In  this  way,  in  addition  to  the  antimony,  there  is  obtained  a 
liquor  which  can  be  used  again  to  dissolve  more  of  the  sulphide'. 
Salt  or  some  other  alkaline  chloride  can  be  added  to  the  solution  in 
the  anode  cell,  whereby  chlorine  will  be  liberated.  If  the  lixiviati-^n 
residues  contain  gold,  silver,  copper,  mercury,  bismuth,  zinc,  cobalt  or 
nickel,  they  can  be  dissolved  by  means  of  the  chlorine  as  chlori<li'> 
and  then  precipitated  by  the  sulphuretted  hydi-ogen  evolved  durinii; 
the  lixiviation.  If  there  are  none  of  these  metals  to  be  treatwl 
in  this  way  the  chlorine  can  be  used  for  other  purposes,  e.*j. 
bleaching. 

No  practical  application  appears  to  have  been  made  so  far  of  thi-* 
process. 

Another  process  of  Siemens ^  is  to  convert  antimony  sulphide  into 

a  double  salt  by  treatment  with  sulph-hydrate  of  calcium,  barium, 

strontium  or  magnesium,  and   to   electrolyse   the   solution  of  thi^ 

salt   without   using  diaphragms.     The   hydrogen   liberated  at  thi 

cathode   combines   with   the    sulphur    of   the    antimony   sulphiiit. 

antimony  is  deposited  and  the  sulph-hydrates  of  the  other  metals  are 

formed,  which  latter  are  converted  into  disulphides  by  the  oxypn 

developed  in  the  reaction.     Treatment   of  these  disulphides  with 

carbon  dioxide   causes  the  precipitation  of  carbonates  of  calcium. 

barium,  strontium,  and  magnesium,  and  of  elemental  sulphur,  an<i 

hydrogen  sulphide  is  evolved.     The  mixture  of  the  carbonates  and 

sulphur  when  heated  in  absence  of  air  yields  sulphur,  carbon  dioxidf 

and  the  caustic  alkaline  earths.     The  carbon  dioxide  may  be  used  t<' 

decompose  disulphide  solutions,  and  the  basic  oxides  and  hydn>i:tD 

sulphide  to  produce  fresh  quantities  of  the  sulph-hydrate  solution. 

This  process  has  not  come  into  use. 

I 
1  English  Patent,  April  1,  1896,  No.  7,123. 
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According  to  Izart,^  experiments  have  been  made  in  France  at 
Cassagnes,  on  the  electrolysis  of  the  solution  obtained  by  lixiviating 
antimony  ores  with  sodium  sulphide.  The  method  is  as  follows  : — 
The  antimony  solution  in  the  cathode  chambers  is  separated  by 
diaphragms  from  the  solution  in  the  anode  chambers,  which  consists 
of  a  17  per  cent,  solution  of  caustic  soda,  to  which  enough  ammonium 
chloride  is  added  to  bring  up  its  density  to  that  of  the  antimony 
solution.  On  electrolysis  at  a  tension  of  1*8  volts  and  a  current 
density  of  68  amperes  per  square  yard,  the  yield  was  76  per  cent. 
The  yield  per  kilowatt-hour  was  at  first  1*21  lbs.  of  antimony;  after- 
wards 1-36  lbs. 

Impure  antimony  which  contains  gold  was  for  a  short  time 
worked  up  for  the  extraction  of  both  metals  at  Lixa  near  Oporto  in 
Portugal :  *  the  process  was,  however,  given  up  on  account  of  the  high 
working  cost.  Plates  of  the  impure  antimony  were  used  as  anodes, 
the  electrolyte  being  a  solution  of  antimony  trichloride.  The  latter 
was  made  by  dissolving  the  trichloride  in  a  concentrated  solution  of 
salt,  potassium  chloride  or  ammonium  chloride  strongly  acidified 
with  hydrochloric  acid.  When  the  current  was  passed  the  anodes 
slowly  dissolved,  the  antimony  being  deposited  on  the  cathode  while 
the  gold  in  fine  powder  fell  to  the  bottom,  of  the  cell.  The  material 
of  which  the  cathode  was  made  is  not  stated.  In  spite  of  the  fact  that 
soluble  anodes  were  used,  the  method  proved  to  be  too  costly. 

*  Umectricien,  1902,  xxii.,  I.,  p.  307;  11.,  p.  33.  Joum.  Soc.  Chem.  Ltd., 
xxi.,  p.  1237,  October  15,  1902. 

'  J.  H.  Vogel,  ZeUschr.  fur  Angela.  Chem.,  1891,  p.  327,  and  Sanderson,  German 
Patent,  No.  54,219,  February  26,  1890. 
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This  metal  possesses  a  steel  grey  colour,  and  shows  a  brilliaLi 
lustre  wheu  freshly  broken ;  it  is  known  in  both  the  crystalline  and 
amorphous  conditions.  The  crystalline  form  belongs  to  the  hexa- 
gonal system,  and  is  isomorphous  with  tellurium  and  antimony,  while 
the  amorphous  form  is  a  dark  grey  powder  which  changes  into  ihi 
crystalline  modification  when  heated  to  370°  C. 

The  crystalline  form  can  be  obtained  by  collecting  the  vapour  •• 
the  metal  in  a  receiver  which  is  only  a  few  degrees  colder  than  th 
vapour  itself ;  if  the  difference  of  temperature  be  great  the  amor- 
phous form  is  deposited.     It  is   also   deposited   in  the   amorphou* 
condition  when  the  vapour  of  arsenic  mixed  with  other  gases  (t.c 
hydrogen  or  oxides  of  carbon)  is  cooled. 

The  crystalline  form  is  brittle  and  somewhat  hard,  but  the  ca-* 
metal  flattens  slightly  under  the  hammer,  although  it  is  easilv 
broken. 

The  specific  gravity  of  the  crystalline  variety  is  5.727  at  HV 
and  its  specific  heat  0083  (Wullner  and  Bettendorf).  The  specie 
gravity  of  the  amorphous  variety  is  4*71. 

Arsenic  can  be  fused  at  a  dark  red  heat  if  contained  in  a  seal^i 
glass  tube  under  pressure.^ 

According   to  Conechy  arsenic  volatilises  at   a   temperature  • ' 
449° — 450°  C.  as  a  citron  yellow  vapour  which  has  a  strong  smell    * 
garlic ;  it  is  doubtful  if  the  smell  is  due  to  the  metal  or  to  s*->i:: 
low  oxidation  product.     The  vapour,  as  already  pointed  out,  nu; 
be  condensed  either  as  crystals  or  as  a  dark  grey  amorphous  powii* 

^  Landolt  and  MaUet,  Dingkr,  vol.  cov.  p.  575. 
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THE  CHEMICAL  PROPERTIES  OF  ARSENIC   AND  ITS   COMPOUNDS 
THAT   ARE  OF   IMPORTANCE    IN   ITS   EXTRACTION 

Arsenic  does  not  change  in  dry  air  at  ordinary  temperatures,  but 
in  damp  air  it  loses  its  colour  and  brilliancy  and  changes  slowly  into 
arsenious  oxide.  When  heated  in  the  air  it  burns  with  a  bluish-white 
flame,  forming  a  copious  white  cloud  of  arsenious  oxide. 

Nitric  acid  oxidises  it  to  arsenious  oxide.  Aqua  regia  dissolves 
it  easily,  forming  a  mixture  of  arsenious  and  arsenic  oxides.  Hot 
concentrated  sulphuric  acid  dissolves  it  with  liberation  of  sulphur 
dioxide;  the  dilute  acid  does  not  attack  it.  Hydrochloric  acid 
attacks  it  only  in  presence  of  air,  and  then  but  feebly,  with  forma- 
tion of  arsenious  chloride.  Chlorine  combines  eagerly  with  it  in  the 
cold,  forming  arsenioas  chloride.  When  heated  with  sulphur  it  forms 
sulphide  of  arsenic. 

If  arsenic  be  heated  with  nitre  or  chlorate  of  potassium,  an 
active  oxidation  of  the  metal  takes  place,  and  potassium  arseniate  is 
produced. 

OXYGEN  COMPOUNDS  OF   ARSENIC 

Arsenic  forms  two  compounds  with  oxygen,  arsenious  oxides  and 
arsenic  oxide  ;  both  of  these  are  acid -forming  bodies,  and  have  a  much 
wider  technical  application  than  the  metal  has. 

Arsenious  Oxide,  ASgOg,  o?'  As^O^ 

This  is  also  known  as  arsenious  anhydride,  arsenic  trioxide  and 
white  arsenic.  It  is  white,  and  occurs  in  both  the  crystalline  and 
amorphous  states. 

The  crystalline  form  is  dimorphous ;  it  crystallises  in  the  cubic 
and  in  the  rhombic  systems.  Octahedra  are  obtained  by  cooling  a 
hot  aqueous  solution  of  the  oxide ;  a  solution  in  hydrochloric  acid 
gives  better  results.  Rhombic  prisms  crystallise  from  a  saturated 
solution  in  caustic  potash.  The  latter  form  can  also  be  obtained  by 
heating  arsenious  acids  in  closed  vessels  to  a  temperature  of  300°  C.  ; 
when  left  at  rest  for  a  long  time  it  slowly  changes  into  the  amorphous 
form. 

Amorphous  arsenious  acid,  also  known  as  "  arsenic  glass,"  is 
prepared  by  subliming  the  crystalline  variety  at  a  high  temperature. 
It  is  a  white  transparent  mass,  which,  when  left  at  rest  for  a 
long  time,  changes  into  the crjstalline  form,  loses  its  transparency,  and 
assumes  a  porcelain-like  appearance.  When  arsenious  oxide  is  heated 
in  a  closed  tube  placed  in  a  vertical  position,  the  lower  end  being 
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at  a  temperature  of  400°  C.  and  the  upper  at  200""  C,  the  arsenioin 
oxide  in  the  lower  part  of  the  tube  will  be  found  in  the  amorphous 
condition,  that  in  the  middle  in  rhombic  prisms,  and  that  at  the  upper 
end  in  octahedra. 

The  amorphous  variety  dissolves  readily  in  water  and  alcohol. 
The  crystalline  varieties,  however,  are  only  soluble  with  difficulty  in 
these  liquids. 

Amorphous  arsenious  oxide  fuses  when  heated  at  the  ordinan- 
pressure  of  the  atmosphere  ;  the  crystalline  variety,  on  the  other  hand, 
only  fuses  under  pressure,  and  solidifies  again  in  the  amorphous  form 

Arsenious  oxide  volatilises  when  heated.  The  temperature  at 
which  it  volatilises  is  given  by  Wurtz  at  200^,  by  Watt  at  218',  b} 
Wormley  at  190°  C.  When  a  solution  of  the  oxide  is  evaporated, 
the  oxide  is  said  to  begin  to  volatilise  with  its  solvent  between  100'— 
150°  C.  Arsenious  oxide  is  reduced  when  heated  with  charcoal ;  the 
metal  volatilises  and  may  be  obtained  as  a  brilliant  black  sublimate. 

Arsenious  oxide  is  a  powerful  reducing  agent,  and  is  extensively 
used  on  this  account  as  a  decoloriser  in  glass-making,  in  the 
manufacture  of  copper  colours,  and  for  thje  manufacture  of  yellow 
arsenic  glass. 

Arsenious  oxide  does  not  combine  directly  with  oxygen,  but  by 
the  use  of  strong  oxidising  agents,  such  as  aqua  regia,  chlorine, 
nitre  and  nitric  acid,  it  can  be  converted  into  the  higher  oxide  of 
arsenic,  arsenic  oxide.  The  principal  use  of  arsenious  oxide  is  in 
preparing  arsenic  oxide,  which  is  largely  employed  in  the  manufactUR 
of  aniline  dyes. 

Arsenic  Oxide  or  Arsenic  Anhydi-ide^  As^Og 

This  exists  both  as  the  anhydride  and  in  combination  with  water 
as  the  corresponding  acid.  As  is  the  case  with  the  corresponding 
oxide  of  phosphorus,  arsenic  oxide  forms  three  diCFerent  acids,  arsenic 
acid  HjAsO^,  pyroarscnic  acid,  H^AsgOy,  and  metarsenic  acid,  HA>Oy 
These  and  their  salts  are  isomorphous  with  the  corresponding  acid? 
and  salts  of  phosphorus.  The  pyro-  and  meta-acids  of  arsemc.  how- 
ever, are  not  stable  in  aqueous  solutions  as  the  corresponding  acid> 
of  phosphorus  are ;  in  contact  with  water  they  are  converted  int^* 
the  ordinary  ortho-acid. 

The  anhydride  is  a  white  substance  which  is  only  slightly  soluble 
in  water,  but  combines  with  it  if  the  two  are  left  in  contact  for  a 
time,  forming  the  acid,  which  is  soluble.  At  a  red  heat  the  anhydride 
fuses  and  decomposes  into  arsenious  oxide  and  oxygen. 
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Arsenic  acid  of  commerce,  HgAsO^,  is  a  thick  liquid,  which,  on 
being  heated  to  the  temperature  of  180°  C,  changes  into  hard,  glisten- 
ing crystals  of  the  pyro-acid,  H^As^Oy,  with  elimination  of  water. 
At  a  higher  temperature,  200°C.,  more  water  is  eliminated,  and  the 
lueta-acid  HASO3  is  obtained,  a  white  glistening  body  resembling 
mother-of-pearl. 

SULPHIDES  OP    ARSENIC 

Arsenic  forms  three  sulphides,  arsenic  disulphide,  AsgS^,  arsenic 
trisulphide,  As^Sg,  and  arsenic  pentasulphide,  AsgSg. 

The  disulphide  occurs  native  as  the  mineral  realgar.  A  substance 
of  similar  composition  is  manufactured  under  the  name  red  arsenic 
glass.  This  latter  substance  is  used  in  the  preparation  of  the  so- 
called  "  Indian  fire,"  and  also  in  tanning,  where  it  is  combined  with 
lime  for  the  removal  of  hair  from  the  hides.  It  was  formerly  widely 
used  as  a  pigment,  but  latterly  has  largely  gone  out  of  use. 

The  trisulphide  is  found  in  nature  as  the  mineral  orpiment  (auri- 
pigmentum).  It  can  be  prepared  artificially  by  passing  sulphuretted 
hydrogen  through  an  acidified  solution  of  arsenious  oxide.  -If  this 
sulphide  be  heated  out  of  contact  with  air  it  fuses  to  a  yellowish-red 
liquid  which  volatilises  without  decomposition  at  the  temperature  of 
TOO""  C.  If  heated  in  the  air,  however,  it  burns  with  the  production 
of  arsenious  oxide  and  sulphur  dioxide.  It  is  insoluble  in  strong 
hydrochloric  acid,  while  the  sulphides  of  antimony  and  tin  are 
soluble.  It  is  soluble  in  solutions  of  the  caustic  alkalis  and  in 
solutions  of  the  alkaline  carbonates,  forming  an  arsenite  and  a 
sulpharsenite  of  the  alkali  metal,  e.g, : — 

2  AS2S3 + 4K0H  =  KAsOj + SKAsSg + 2H2O. 

Arsenic  trisulphide  is  again  precipitated  from  this  solution  on 
adding  an  acid. 

This  sulphide  of  arsenic  was  formerly  highly  esteemed  as  a  pig- 
ment in  oil  painting,  but  has  of  late  years  been  replaced  by  chrome 
yellow  and  picric  acid.  It  is  chiefly  used  now  in  the  same  way  as 
realgar. 

Arsenic  pentasulphide  is  prepared  either  by  fusing  together  the 
trisulphide  and  sulphur,  or  by  treating  sodium  sulpharseniate, 
NagAsS^,  with  an  acid.  The  latter  salt  is  obtained  by  acting  on  the 
trisulphide  with  polysulphide  of  sodium. 

HYDRIDES  OF   ARSENIC 

There  are  two  of  these  compounds,  gaseous  arseniuretted  hydrogen 
AsHg,  and  solid  arseniuretted  hydrogen,  As^H^.     The  former,  which 
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is  extremely  poisonous,  is  prepared  by  generating  hydrogen  in  a 
solution  which  contains  arsenic;  the  latter  is  a  brown  solid  body, 
and  is  prepared  by  acting  on  pure  sodium  arsenide  with  water. 

CHLORIDE   OF   ARSENIC 

is  produced  when  powdered  arsenic  is  burned  in  chlorine  gas,  or  bv 
distilling  arsenious  oxide  with  hydrochloric  acid.  It  is  an  oily 
colourless  liquid  which,  when  exposed  to  the  air,  evaporates  in  white. 
highly  poisonous  vapours. 

COMBINATIONS  OF    ARSENIC  WITH  OTHER   METALS 

Arsenic  combines  with  certain  metals  forming  bodies  known 
as  speiss.  These  only  faintly  resemble  alloys,  being  much  more 
closely  allied  to  the  compounds  of  metals  with  the  non-metallic 
elements.^ 

ORES  OF   ARSENIC 

Arsenic  and  its  technically  important  compounds  are  extracttil 
from  nickel  and  cobalt  ores  as  well  as  from  specific  ores  of  arsenic. 
Among  the  latter,  native  arsenic,  miapickel,  and  leucopyrUe  are  the 
most  important.  The  other  arsenic  minerals,  arsenic  bloom,  rc^U/nr 
and  orpimenfy  occur  but  seldom,  and  do  not  form  the  subject  of 
special  processes  for  the  preparation  of  arsenical  products,  but  an^ 
worked  up  with  other  ores  of  arsenic. 

Native  Arsenic 

Native  Arsenic,  also  known  as  Jlaky  arsenic,  usually  contains  small 
quantities  of  iron,  cobalt,  nickel,  antimony,  silver  and  frequently 
also  gold.  It  usually  occurs  in  association  with  silver,  lead,  cobalt 
and  nickel  ores,  and  is  found  in  the  Erzgebirge  (Freiberg,  Annaberg, 
Marienberg,  Schneeberg),  in  the  Harz  (St.  Andreasberg),  in  Hungan* 
(Kapnik,  Orawitza),  Norway  (Kongsberg),  France  (St.  Marie  aux 
Mines,  Allemont),  Italy  (Mte.  Coma  near  Darden,  Valtellina),  Cornwall. 
Siberia  (Zmeoflf),  Chili  (Chanarcillo),  Mexico  (San  Augustin,  Hidalg" . 
and  New  Zealand  (Kapanga  Mine). 

Misfpichd, 

FeSg+FeAsg,  arsenopyrite,  or  arsenical  pyrites,  contains  arsenic  4iil 
per  cent.,  sulphur,  19'6   per  cent.,   and    iron,   34*3  per  cent    Tb 
*  Schnabel,  Alhjem.  Huitenhuide,  p.  10. 
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iron  is  sometimes  replaced  to  the  extent  of  from  6  to  9  per  cent,  by 
cobalt,  in  which  case  it  constitutes  a  cobalt  ore.  It  also  contains 
sometimes  small  quantities  of  gold  and  silver.  It  is  the  most  widely 
distributed  ore  of  arsenic,  occuring  in  the  Erzgebirge,  Silesia  (at 
Reichenstein),  Hungary,  Styria,  England  (Cornwall  and  Devon), 
Sweden,  France  (Puy  de  Dome,  and  Haute  Loire),  Portugal  (Oliveira 
in  the  Aveiro  district),  Spain  (Bustar  viejo,  Corunna,  Ferrol),  Turkey 
(Jevikoi,  Aidin  province  and  Asia  Minor),  Canada  (Deloro,  Hastings 
Co.,  Ontario),  United  States  (Seattle,  Washington),  and  in  Australia. 
It  is  accompanied  by  silver,  nickel,  cobalt,  tin,  lead  and  copper  ores  as 
well  as  by  p)Tites. 

Arsenide  of  iron 

occurs  massive  as  lollingite  and  crystallised  as  leucopyrite.  Lollingiie 
(FcgAsj)  contains  66*8  per  cent,  arsenic,  while  leucopyrite  (FeAsj) 
contains  72"84  per  cent.  These  frequently  contain  small  quantities 
of  gold,  as  at  Ribas  in  Spain,  and  at  Reichenstein  in  Silesia.  At  the 
former  place  the  leucopyrite,  according  to  Gtittler,  contains  from 
14  to  16  dwt.  of  gold  per  ton. 

This  mineral  occurs  less  copiously  than  mispickel,  and  is  found 
at  Silesia,  Reichenstein,  Bohemia,  Styria,  Schladming,  Carinthia 
(Lolling,  near  Hustenberg).  It  is  usually  found  in  association  with 
the  same  ores  as  mispickel. 

The  rare  minerals — arsenic  blooni,  ar senile ^  or  arsenolUey  As^Og, 
realgar,  AsgSg,  and  orpiment,  AsgSg — ^are  of  no  importance  as  sources 
of  arsenic.  Realgar  is  found  in  Macedonia,  Aserbreidschan,  Persia ; 
orpiment,  at  Allkhar  near  Rozdan,  Macedonia. 

Among  the  arsenical  cobalt  and  nickel  ores  must  be  mentioned 
cobalt  glancey  tin-white  cobalt  or  smaltine,  skuttencdite,  white  arseiiical 
nickel,  red  arsenical  nickel. 

In  addition  to  the  above  sources  of  arsenical  products,  ores  of 
tin,  silver,  lead  and  copper,  which  contain  mispickel  or  leucopyrite, 
produce  considerable  quantities  as  bye-products. 


THE  METALLURGICAL  EXTRACTION   OF  ARSENIC   AND   ITS  COMPOUNDS 

In  addition  to  metallic  arsenic,  which  has  comparatively  small 
technical  importance,  arsenious  oxide,  sulphide  of  arsenic,  and  mix- 
tures of  these  are  prepared  in  metallurgical  works.  The  quantity 
of  these  arsenic  compounds  used  in  the  arts  is  very  considerable. 

Dry  methods  are  used  for  the  working  of  ores  and  metallurgical 
products,  but  wet  methods  have  been  proposed  for  the  recovery  of 
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arsenical  compounds  from  residues  from  the  manufacture  of  th*- 
aniline  colours.  The  electrolytic  method  has  been  proposed  for  the 
extraction  of  arsenic  from  its  sulphide,  but  so  &r  has  not  been  pat 
into  practice. 

We  have  therefore  to  distinguish  between : — 

I.  The  extraction  of  arsenical  compounds  from  ores  and  metal- 
lurgical products. 

II.  Methods  proposed  for  the  recovery  of  arsenical   compounds 
from  coal-tar  colour  residues. 


I.  The  Extraction  of  Arsenical  Compounds  from  Ores  and 
Metallurgical  Products 

Here  we  must  further  diflferentiate  into : — 

1.  The  extraction  of  arsenic. 

2.  The  extraction  of  arsenious  acid. 

3.  The  preparation  of  vitreous  realgar. 

4.  The  preparation  of  vitreous  orpiment. 

1.  The  Extraction  of  Arsenic 
A.  Extract'ion  by  the  Dry  Method 

Almost  the  only  dry  method  of  extracting  arsenic  is  that  of 
heating  mispickel  or  leucopyrite  in  the  absence  of  air.  Formerly 
another  method  was  employed,  viz.,  by  the  reduction  of  arsenious 
acid  by  means  of  carbon.  This  method  is,  however,  now  abandoneti, 
because  a  very  large  proportion  of  the  arsenic  prepared  by  it  wa^ 
obtained  in  the  amorphous  condition. 

When  mispickel  is  distilled  the  arsenic  is  driven  off  and  can  be 
collected.  The  following  equation  shows  theoretically  the  chemical 
change  which  takes  place : — 

2(FeAs2FeS2)  =  As^ + 4FeS ; 

but  in  actual  working  a  very  considerable  quantity  of  the  arsenic, 
amounting  in  some  cases  to  a  half,  remains  behind  in  the  residue. 

Leucopyrite,  when  distilled,  parts  with  a  portion  of  its  arstnic. 
and  leaves  behind  a  lower  arsenide  of  iron  as  shown  by  this  equa- 
tion : — 

16FeAs2  =  TAs^  +  4Fe4As. 

In  practice,  however,  the  residue  is  richer  in  arsenic  than  it  should  K 
theoretically. 
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To  prevent  wjwte  of  the  arsenic  in  the  residues  from  the  above 
processes,  they  are  roasted  in  a  reverberatory  furnace,  and  the 
arsenious  oxide  which  is  formed,  is  collected. 

As  the  arsenic  is  only  wanted  in  the  crystalline  form,  the 
sublimation  must  be  conducted  with  the  greatest  care  and  the  re- 
ceivers must  be  maintained  at  the  correct  temperature. 

The  formation  of  more  or  less  of  the  amorphous  pulverulent 
arsenic  cannot  in  any  case  be  prevented ;  and  it  is  used  for  the 
preparation  of  arsenical  compounds. 

The  distillation  is  performed  in  pot  furnaces  built  of  fire-clay. 
Tubes  or  pots  are  arranged  in  two  rows,  one  on  each  long  side  of 
a  fireplace  in  a  galley  furnace.  Where  pots  are  used,  several  rows 
can  be  arranged  one  above  the  other.  To  the  front  of  the  pots, 
cylindrical  receivers  of  fire-clay  are  attached.  These  are  provided 
on  their  front  side  with  doors  of  sheet  iron,  by  opening  which  the 
progress  of  the  sublimation  can  be  observed  towards  the  end  of  the 
process.  The  joint  between  the  sublimation  vessel  and  the  receiver 
must  be  properly  luted,  and  the  door  on  the  receiver  must  be  made 
tight  with  clay.  In  order  to  prevent  loss  by  volatilisation  during  the 
working,  the  tubes  themselves  are  glazed  externally.  They  are  5 
to  7  inches  in  diameter  and  2  feet  4  inches  long.  The  charge  in 
each  tube  is  several  pounds  of  mispickel.  Sheet  iron  rolled  into  a 
spiral  is  placed  in  the  mouth  of  each  tube  so  that  it  projects  4  inches 
into  the  receiver  and  4  inches  into  the  tube.  This  assists  the  formation 
of  crystals  of  arsenic  in  the  shape  of  glistening  grey  scales. 

After  the  tubes  or  jars  are  charged,  the  spiral  of  sheet  iron  is 
placed  in  position,  and  the  fire  started :  the  receivers  are  not  put  on 
until  arsenic  vapour  begins  to  appear.  The  process  is  complete 
when  no  more  arsenic  vapour  is  seen  on  opening  the  doors  of  the 
receiver.  When  mispickel  is  treated  in  the  way  described  above, 
sulphide  of  arsenic  is  volatilised  at  the  beginning  of  the  process 
and  collects  in  the  receiver  (Freiberg).  The  addition  of  potash  or 
caustic  lime  prevents  the  sublimation  of  sulphide.  The  time  required 
for  the  process  varies,  according  to  the  amount  of  arsenic  in  the  ore, 
from  8  to  12  hours,  where  charges  of  several  pounds  per  tube  are 
used.  After  the  completion  of  the  process  the  receivers  are  taken 
away,  and  the  sublimation  residues  are  removed. 

Crystalline  arsenic  collects  on  the  iron  spiral  in  the  mouth  of  the 
tube,  while  the  larger  portion  of  that  which  collects  in  the  cooler  parts 
of  the  receiver,  is  amorphous.  The  spirals  are  cautiously  unrolled 
to  remove  the  scales  of  arsenic  which  have  been  deposited.  These 
scales  possess  a  particularly  bright  lustre,  and  are  fib  for  sale  without 
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further  treatment;  they  lose  their  brilliancy  after  a  verj'  short 
time,  in  consequence  of  the  formation  of  a  thin  film  of  arsenic 
suboxide,  but  according  to  Boettger,  this  film  can  be  easily  reuu)ve<l 
by  a  boiling  hot  solution  of  potassium  bichromate  to  which  a  littli- 
sulphuric  acid  has  been  added. 

At  Freibeig,  ores  containing,^  76  per  cent,  of  mispickel  (i.e.  35  per 
cent,  of  arsenic)  are  worked  in  galley  furnaces,  in  which  there  are 
26  tubes  in  two  rows  on  each  side,  6  in  the  upper  and  7  in  the  lower 
row.  The  charge  of  ore  for  the  whole  furnace  is  7  cwt.  and  tht* 
extraction  requires  10  or  12  hours.  The  product  is  165  lbs.  oj 
arsenic  from  the  spiral  of  sheet  iron,  and  27  lbs.  of  sulphide  of 
arsenic  out  of  the  receivers.  The  residues,  which  are  argentiferous, 
retain  3  per  cent,  of  arsenic.  They  are  added  to  a  furnace  charc^tr 
in  smelting  for  silver-lead  in  order  to  extract  their  silver.  Thi- 
sulphide  which  collects  in  the  receivers  is  used  for  the  preparation  «'t 
vitreous  realgar. 

At  Reichenstein,^  in  Silesia,  arsenic  is  extracted  from  mispickel. 
The  furnace  formerly  used  contained  26  glazed  tubes,  each  2  feet  v» 
2  feet  6  inches  long  and  about  5  inches  wide,  and  the  charge  wa< 
5  cwt.  of  mispickel  in  the  form  of  slimes.  The  product  cousisu-il 
of  90  per  cent,  of  crystalline,  and  10  per  cent,  of  amorphous  arsenic  : 
the  residues  which  retained  one-third  of  the  arsenic  originally  present 
in  the  ore,  were  worked  up  for  the  production  of  arsenious  acid. 

At  Ribas'^  in  Spain,  arsenic  used  formerly  to  be  extracted. 
There  were  22  tubes  per  furnace,  each  2  feet  4  inches  long,  and 
about  7  inches  in  diameter :  8  to  10  cwt.  were  charged  at  a  time, 
and  the  process  lasted  9  hours.  In  this  time  200  pieces  of  peat  an<l 
2-7  to  39  cubic  yards  of  coal  were  consumed.  The  arsenic  obtsumnl 
was  used  in  the  manufacture  of  shot. 

Efforts  have  been  made  recently  to  prepare  arsenic  from  mis- 
pickel by  heating  it  in  an  electric  furnace  in  an  atmosphere  ot 
nitrogen,*  whereby  the  arsenic  is  volatilised  and  the  sulphide  of  iron 
melts  and  is  removed  as  a  matte  from  the  furnace.  The  arsenic 
vapour  and  the  nitrogen  are  conveyed  by  a  small  fan  into  condensers, 
where  the  arsenic  collects  as  a  powder  and  the  nitrogen  is  sent  kick 
again  into  the  furnace.  To  prevent  over-heating  of  the  condensenJ. 
two  series  of  them  are  arranged  for  alternate  use.  No  details  <>r 
working  results  of  the  process  are  known. 

^  Preuss.  ZeitHchr..,  vol.  xviii.,  p.  1S9. 
2  Kerl,  Metallurgy,  p.  606. 
»  Btry-  tind  HiUttn-Ztg.,  1853,  p.  764. 
*  The  Min.  Iiui,,  1902,  p.  42, 
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B.  The  Electro-Metallurgical  Extract'mi  of  Arsenic 

Siemens  and  Halske  ^  have  proposed  this  method  for  the  extraction 
of  arsenic  from  those  ores  and  intermediate  products  which  contain 
the  sulphide.  By  treatment  of  the  ores  with  sulphides,  hydro- 
sulphides  or  polysulphides  of  the  alkali  metals,  the  arsenic  is  brought 
into  solution  as  a  double  salt,  and  the  latter  is  subjected  to  electro- 
lysis. Sodium  hydro-sulphide  gives  a  solution  according  to  the 
equation : — 

As,S  +  6NaHS  =  As^SjSNagS  +  SHgS. 

Similar  soluble  salts  are  produced  by  the  hydro-sulphides  of 
potassium  and  ammonium.  The  arsenic  is  separated  from  these 
solutions  in  the  manner  described  for  antimony  on  page  596.  The 
following  equation  shows  the  change  which  takes  place  when  the 
arsenic  is  precipitated  by  the  current : — 

AsgSaSNa^S  +  SH.,  =  As.3 + 6NaHS, 

and  similarly  for  the  double  salts  formed  with  potassium  and  am- 
monium respectively.  In  the  anode  division  of  the  bath  alkaline 
chlorides  are  decomposed,  the  chlorine  evolved  being  utilised  in  order 
to  bring  into  solution  as  chlorides  the  metals  contained  in  the  ore 
residues,  or,  if  there  are  none  present,  for  the  preparation  of  bleach- 
ing powder.  There  has  been  so  far  no  application  of  these  methods, 
and  the  prospect  of  their  introduction  is  very  small,  because  the 
real  ores  of  arsenic  are  leucopyrite  and  mispickel,  from  which 
arsenic  cannot  be  directly  extracted  as  sulphide. 

In  another  process  proposed  by  A.  Siemens  '^  the  sulphide  of  arsenic 
is  brought  into  solution  by  sulph-hydrates  of  calcium,  strontium, 
barium  or  magnesium,  and  the  solution  electrolysed  without  using  dia- 
phragms. The  hydrogen  separated  at  the  cathode  combines  with  the 
sulphur  of  the  sulphide  forming  sulph-hydrates  of  the  basic  metals, 
which  are  oxidised  to  disulphides  by  the  oxygen  developed  in  the  pro- 
cess. The  sulphides  on  treatment  with  carbon  dioxide  are  decomposed 
with  precipitation  of  sulphur  and  the  carbonates  of  calcium,  strontium, 
barium  and  magnesium,  and  the  liberation  of  hydrogen  sulphide. 
The  precipitate  on  heating  out  of  contact  with  air  yields  carbon 
dioxide,  sulphur  and  the  oxides  of  the  metals,  and  of  the  various  pro- 
ducts the  carbon  dioxide  may  be  used  for  the  decomposition  of 
disulphide  solution,  the  metallic  oxides  and  the  hydrogen  sulphide 
for  the  preparation  of  fresh  sulph-hydrate  solution.  This  method  also 
has  not  come  into  use. 

»  German  Patent,  No.  67,973,  June  29,  1892. 

2  English  Patent,  No.  7,123,  April  1,  1896. 
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2.  The  Manufacture  of  Arsenious  Oxide 

Arsenious  oxide  is  produced  by  the  roasting  of  special  ores  of 
arsenic  or  of  those  ores  of  gold,  silver,  nickel,  cobalt,  lead,  copj)er 
and  tin,  which  contain  arsenic. 

The  special  ores  of  arsenic  are  mispickel,  leucopyrite  and  native 
arsenic ;  the  others,  particularly  the  ores  of  tin,  copper  and  gold, 
usually  contain  large  quantities  of  these  arsenic  compounds,  especially 
mispickel. 

By  far  the  largest  quantity  of  arsenious  oxide  produced  at  the 
present  time  conies  from  Cornwall  and  Devon,  where  it  is  extracted 
from  mispickel,  either  pure,  or  mixed  with  ores  of  copper  and  tin. 
The  following  are  the  principal  mines : — Botallack,  Levant,  East 
Pool,  South  Crofby,  Tin-croft,  Wheal  Agar,  Callington  United,  Danes- 
combe  and  Drakewells  in  Cornwall,  and  Devon  Great  Consols  and 
Gawton  in  Devonshire. 

The  process  adopted  for  the  extraction  of  arsenious  oxide  is  to 
drive  otf  the  arsenic  in  the  ore  as  arsenious  oxide  by  roasting,  and 
to  collect  the  latter  in  chambers  and  flues ;  in  most  cases  the  6iw 
dust  contains  impurities  and  needs  to  be  purified  by  sublimation. 
Sublimed  arsenious  oxide  is  either  crystalline,  or  in  the  form  oi 
white  powder:  the  latter  form,  sometimes  obtained  by  grinding 
the  crystals,  is  most  frequently  met  with  in  trade ;  some  however 
is  found  in  the  form  of  lumps,  the  so-called  arsenic  glass,  viireui'^ 
arsenic  or  white  glass.  It  is  prepared  by  subjecting  the  purifit<l 
arsenious  oxide  to  a  further  sublimation  at  a  higher  temperature. 

We  must  therefore  distinguish  between : — 

A.  The  exti^action  of  crude  arsenious  oxide. 

B.  The  purification  of  crude  arsenious  oxide. 

C.  The  preparation  of  vitreous  arsenic. 

A.  The  Manufacture  of  CIrude  Arsenio\(S  Oxide 

Arsenical  pyrites,  mispickel  and  native  arsenic,  either  alone  or 
mixed  with  other  ores,  are  the  special  sources  of  arsenious  oxi<lt' 
The  changes  which  occur  when  these  are  roasted  are  tba* 
following : —  | 

Leucopyt-ite  (FeAsg).     At  a  dull  red  heat,  arsenic  vapour  is  giver, 
off,  being  followed  by  arsenious  oxide  as  the  temperature  rises.     Th.  | 
iron  is  nearly  all  converted  into  ferric  oxide,  but  a  small  proportion 
is  converted  into  ferric  arseniate. 

Mispickel  (FeSg+FeAsj).  Below  red  heat  it  evolves  arsenic  sul- 
phide vapour.     At  higher  temperatures  it  is  converted  into  a  niixtnn' 
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of  ferric  oxide,  ferric  sulphate  and  ferric  arseniate,  sulphurous  acid 
and  arsenious  oxide  being  at  the  same  time  liberated. 

Native  arsenic  is  changed  into  arsenious  oxide. 

The  operation  of  roasting  takes  place  either  in  muffle  furnaces  or 
in  reverberatory  furnaces.  In  the  former  the  fuel  consumption  is 
higher,  but  on  the  other  hand  neither  ore  dust  nor  small  particles 
of  coal  nor  soot  get  mixed  with  the  arsenious  oxide.  The  latter 
would  be  a  serious  matter,  as  during  the  sublimation  the  arsenious 
oxide  would  be  reduced  by  the  carbonaceous  matter  to  metallic 
arsenic. 

In  reverberatory  furnaCes  this  difficulty  is  best  avoided  by  the  use 
of  gas  as  fuel. 

The  furnaces  must  be  connected  to  condensing  chambers  and 
flues,  suitably  constructed  for  the  recovery  of  the  arsenious  oxide. 


The  flues  or  chambers  are  best  built  on  a  level  for  convenience  of 
emptying.  With  muffle  furnaces  it  is  important  to  have  sufficient 
fooling  in  the  flues  in  order  to  maintain  the  draught  and  to  prevent 
the  formation  of  large  crystals  of  arsenious  oxide.  The  best  material 
to  use  for  the  flues  is  sheet  lead,  over  which  water  can  be  allowed 
to  trickle  in  case  of  need.  The  so-called  "  poison-towers,"  which 
were  tower-shaped  erections  with  flues,  one  above  the  other,  have 
gone  out  of  use  on  account  of  the  excessive  draugho  and  the 
difficulty  of  cleaning  them  out. 

The  construction  of  a  muffle  furnace  such  as  was  formerly  in  use 
at  Reichenstein  in  Silesia  is  shown  in  Fig.  451,  in  which  b  is  the  muffle, 
vou   II  R  R 
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of  which  the  bed  is  11  feet  3  inches  long  and  7  feet  2  inches  broad  :  v  i- 
the  fire-place :  the  fire  gases  travel  through  5  channels  I  below  ih' 
bed  towards  the  cross  flue  c,  and  through  them  into  the  flues/  oni 
on  each  side  of  the  furnace  and  on  to  the  forked  chimney  g.  Thr 
arsenious  oxide  liberated  in  the  muffle  passes  along  the  flue  d  into  a 
system  of  condensing  flues  not  shown  in  the  figure  ;  the  air  reqiiin^l 
to  oxidise  the  charge  enters  at  the  opening  i.  The  small  chimney  * 
serves  to  carry  oS*  the  fumes  which  escape  at  the  working  door :. 
The  residues  in  the  muffle  were  drawn  into  the  chamber  t  after  thr 
removal  of  the  slide  Jg  and  a  is  a  hole  in  the  roof  through  which  th*- 
ore  is  introduced  on  to  the  bed. 

At  St.  Andreasberg  in  the  Harz,  cast-iron  muffles,  7  feet  6  incht  ^ 
long,  1  foot  7  inches  wide,  and  1  foot  2  inches  high,  were  formerly 
employed. 

At  Freiberg,  reverberatory  furnaces  with  a  single  bed  and  tw 
working  doors  on  each  side  are  used ;  they  are  heated  by  pi-oducer  gji^ 
made  from  gas  coke :  the  beds  are  15  feet  long  and  10  feet  10  mchi-^ 
wide. 

In  Cornwall  and  Devonshire  the  arsenical  ores  are  roasted  in 
hand-worked  long-bedded  reverberatory  furnaces,  or  in  BruntonV 
rotary  calciner,  or  Oxland's  rotating  cylinder  furnace. 

The  long-bedded  reverberatory  furnace  has  working  doi>rs  cii 
one  only  of  the  long  sides,  the  other  long  side  being  also  the  lon^ 
side  of  a  contiguous  furnace.  These  double  furnaces  measure  overnll 
24  feet  long  and  16  feet  wide,  and  the  dividing  wall  is  1  foot  6  inchi-^ 
thick.  The  inside  measurements  of  a  single  furnace  are : — length 
20  feet,  width  6  feet  3  inches,  and  the  maximum  height  of  tht*  n«'r 
above  the  bed  1  foot  4  inches.  The  fire-place  for  each  furnace  is  4  ft  i : 
long  and  2  feet  wide,  and  the  top  of  the  fire-bridge  is  9  inches  abtAv 
the  surfiice  of  the  bed.  There  are  5  or  sometimes  G  working  d^M^ 
and  the  ore  is  introduced  through  a  hopper  at  the  end  farthest  frmii 
the  fire  and  spreiid  towards  the  bridge. 

Brunton's  calciner  is  arranged  as  shown  in  Figs.  452  and  45.1 
a  is  the  bed  fixed  to  a  vertical  shaft,  h  is  the  fire-place,  e  is  th^* 
hopper  through  which  the  ore  is  introduced  into  the  furnace.  A 
fixed  rake  /,  which  stirs  up  the  ore  as  the  bed  a  revolves,  causes  tht 
ore  to  travel  gradually  from  the  centre  to  the  circumference  when  I 
it  escapes  through  the  shoot  g  into  one  of  the  chambers  A,  A,accordini: 
to  the  position  of  the  slide  z.  The  flue  connecting  the  fiima^^ 
with  the  chimney  v  is  not  shown  in  the  figure.  The  diameter  of  ih. 
bed  is  from  12  to  16  feet,  and  it  makes  from  5  to  10  revolutions  pi 
minute. 
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The  Oxland  furnace  is  shown  in  Figs.  390  and  391  on  page  489. 
The  length  of  the  inclined  cylinder  is  23  to  30  feet,  and  it  is  lined 
with  firebrick  and  provided  with  longitudinal  ribs ;  its  diameter  is 
about  5  feet.     The  power  required  for  one  furnace  is  about  2  to  3 


Fia.  452. 
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horse  power.  A  full  description  of  this  furnace  will  be  found  on 
page  489.  This  pattern  of  furnace  requii'es  less  fuel  and  labour 
than  the  long-bedded  furnace  or  Brunton's  calciner,  but  the  cost  of 
repairs  is  greater  and  it  is  more  diflBcult  to  maintain  in  it  an  even 

R  R  2 
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temperature  and  a  regular  draught.  In  consequence  of  the  strii.; 
draught  fine  particles  of  ore  are  drawn  into  the  flues  and  deposirel 
with  the  arsenious  oxide. 

At  Deloro,  in  Canada/  mispickel  which  contained  gold  vva- 
formerly  worked.  The  ore  contained  42  per  cent,  of  arsenic  and  :^" 
per  cent,  of  sulphur.  The  furnace  used  consisted  of  two  cylindt  ^ 
of  the  Oxland  type  one  above  the  other.  Instead  of  the  lon^. 
tudinal  rows  of  projecting  ribs,  there  were  four  walls  extending  frui 
the  axis  of  the  cylinder  to  the  circumference,  thus  dividing  it  into  to;  : 
entirely  separate  portions.  In  the  upper  half  of  the  furnace  the  ■  r 
remained  in  one  of  these  four  portions  of  the  cylinder ;  but  in  th 
lower  half  of  the  cylinder  the  division  walls  were  provided  with  sii> 
so  that  the  ore  could  fall  from  one  of  the  four  divisions  into  th. 
next  to  it,  thus  coming  into  intimate  contact  with  the  air.  The  air 
was  drawn  out  by  an  exhauster  placed  near  the  chimney. 

The  length  of  the  upper  cylinder  was  29  feet  6  inches  and  :^ 
diameter  5  feet  6  inches,  and  it  was  connected  by  a  tube  with  t! 
lower  cylinder  59  feet  long  and  6  feet  6  inches  diameter,  and  v.i^ 
worked  by  natural  draught.     It  contained  division  walls,  like  : 
upper  cylinder,  extending  from  the  lower  end  to  a  distance  of  4  t 
from  the  upper  end,  but  for  the  remaining  distance  it  was  j)ro\i»  - 
with  ribs ;  these,  however,  were  not  placed  longitudinally  but  spiia 
The  greater  portion   of  the  arsenic   was   driven  off  in  the  \\y\ 
cylinder.     The  arsenious  oxide  which  was  collected  in  the  condi-n-r . 
chambers  was  re-sublimed  in  reverberatory  furnaces. 

At  present  the  mispickel  used  for  the  preparation  of  oxi'le  * 
arsenic,  is  first  treated  for  gold  by  amalgamation  and  then  i 
the  bromo-cyanogen  process.^  After  this  treatment  it  couu.  i 
30  per  cent,  of  arsenic  and  16  per  cent,  of  sulphur.  It  is  nu-  I 
in  the  way  described  above,  and  the  vapoui^s  are  led  into  a  •  ^ 
chamber  100  feet  long,  where  portions  of  the  charge  carried  | 
are  collected  and  returned  to  the  furnace,  and  then  into  a  zk 
condenser  12  feet  wide,  in  which  the  arsenious  oxide  is  cond<i 
This  oxide  contains  85  per  cent,  of  As^Oj  and  2  to  4  per  en: 
sulphur;  it  is  resublimed  in  reverberatory  furnaces.  The  re 
from  the  upper  furnace  only  contain  0*36  per  cent,  of  a 
and  in  addition  43*23  of  silica,  44*60  of  ferric  oxide,  and  o'"" 
sulphur. 

All  the  furnaces  are  connected  with  a  set  of  flues  or  cha^ 
in  which  the  volatilised  arsenious  oxide  is  condensed  as  fliu-.^ 
These  are  built  of  either  masonry  or  sheet  lead.     It  w^is  ppi 
1  The  Min.  Ind.,  1893,  p.  3o.  '^  The  Min,  Ind,,  19U3,  p.  47. 
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fur  pure  ores  to  use  chambers  built  of  sheet  iron  suitably  protected 
from  rusting.^ 

Pure  arsenious  oxide  in  the  form  of  a  fine  powder  is  said  to  be 
deposited  in  these  chambers  as  the  result  of  roasting  pure  ores. 

Fig.  454  shows  the  ground  plan  of  a  condensing  flue  for  arsenious 
acid ;  v  is  the  furnace,  k  is  the  flue,  zig-zag  in  plan,  and  opening 
into  the  dust  chamber  z.  The  gases  on  leaving  the  chamber  z, 
jjass  through  a  second  chamber  y  into  the  chimney  £,  Most 
'>(  the   arsenious   oxide   is  deposited   at    the    bends   of    the   flue. 


Th(^  flue  walls  near  the  furnace  are  built  of  masonry,  but  after  a 
certain  distance  from  the  furnace  sheet  lead  is  the  best  material. 

The  construction  of  the  tower-condenser  or  "  poison-tower,"  which 
w;is  formerly  used,  is  shown  in  Fig.  455.  Chambers  were  built  along- 
M(io  each  other  in  sets,  one  set  above  the  other,  and  the  stream  of 
furnace  gases,  after  passing  through  one  set  of  chambers,  went  on 
to  the  set  next  above,  till  at  the  end  it  entered  the  chimney  z  placed 
on  the  top. 

This  arrangement  is  not  efficacious  for  cooling  the  gases,  it  is 
Lxpensive  in  construction,  and  is  difficult  to  clean.  This  latter 
objection  is  of  importance  on  account  of  the  poisonous  nature  of 
the  arsenious  oxide :  it  is  therefore  no  longer  used. 

In  Cornwall  and  Devonshire  the  arsenic  is  condensed  in  zig-zag 
rtu<*s  built  of  masonry,  and  connected  with  the  furnace  by  straight 
rtiics  100  to  200  feet  in  length.  They  are  5  feet  to  5  feet  6  inches 
li^h,  3  feet  to  3  feet  G  inches  wide,  and  in  some  cfises  more  than 

»  IhifL,  p.  Xy. 
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1,000  feet  long.     Those  gases  which  are  not  condensed  pass,  by 
flue  200  feet  long,  into  a  chimney  60  to  120  feet  high.     At  GawtiOi 
the  total  length  of  flue  between  the  furnace  and  chimney  is  about  a 
English  mile. 

In  working  any  description  of  furnace,  it  is  important  to  obsen 
that  neither  ore  dust  nor  carbonaceous  matters  is  allowed  to  ge 
into  the  arsenious  oxide ;  the  latter  would,  when  the  arsenious  oxid 
is  sublimed,  reduce  some  of  it  to  metal.     It  is  therefore  necessary*  t 
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shut  off  the  condensing  arrangement  from  the  furnace  when  th( 
latter  is  being  charged  or  emptied,  and  also  when  the  charge  is  btin^ 
rabbled  or  stiiTcd.  At  these  times  the  furnace  is  temporaril}-  put  inM 
communication  with  a  secondary  chimney.  The  temperature  shoiik 
be  only  high  enough  to  volntilise  the  arsenic,  and  the  charge  shounl 
be  cautiously  rabbled  from  time  to  time.  When  the  charge  cei\ses  U 
give  out  any  flame,  the  roasting  is  complete,  and  the  charge  is  reni«'V.^I 
by  giwlually  withdrawing  it  at  the  bridge.  The  time  nMjuin.Hl  t-r.i 
charge  depends  on  the  amount  of  ai-senic,  iron  and  sulphur  contaiii«»| 
in  the  ore.  The  arsenious  oxide  is  removed  periodically  from  thf  rti"* 
and  chambers. 
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In  the  muffle  fumaxies  at  Reichenstein  in  Silesia,  which  have 
been  described  above,  8  to  10  cwts.  of  arsenical  pyrites,  in  the  form 
of  slimes,  are  roasted  in  a  charge  about  4  inches  deep ;  the  time 
required  is  12  hours,  and  the  coal  consumed  is  7  per  cent,  of  the 
weight  of  the  raw  ore.  The  residue  contains  from  3  to  5  per  cent,  of 
arsenic,  and  is  treated  by  Plattner's  chlorine  process  for  the  recovery 
of  the  gold  which  it  contains.  The  white  arsenic  collected  in  the 
condensers  is  either  sold  as  such,  or  converted  into  arsenic-glass. 

At  St.  Andreasberg  in  the  Harz,  native  arsenic  containing  65 
per  cent,  arsenic,  4*5  per  cent,  lead,  and  05  per  cent,  silver,  was 
formerly  worked  in  the  cast-iron  muffles  already  mentioned.  The 
charges  of  4  to  6  cwts.  required  22  hours  and  the  fuel  (beechwood) 
consumed  was  22  cubic  feet.  The  arsenic  obtained  was  all  converted 
into  vitreous  arsenic.  The  residue  amounted  to  50  to  52  per  cent, 
of  the  weight  of  the  ore,  and  contained  1  to  2  per  cent,  of  silver,  and 
12  to  16  per  cent,  of  arsenic;  it  was  treated  to  extract  its  silver. 

At  Ribas  in  Spain*  charges  of  20  cwt.  used  to  be  worked  in 
muffle  furnaces.  They  required  24  hours  and  consumed  4  cwts.  of 
coal.  In  a  reverberatory  furnace  with  gas  fuel  3  tons  of  ore  were 
roasted  in  24  hours  with  4  cwts.  of  coke. 

At  Freiburg  ^  arsenious  oxide  is  produced  from  ores  containing  lead 
and  comparatively  little  arsenic  (12  per  cent,  or  less)  ;  dust  containing 
arsenic  from  the  flues  of  the  other  roasting  furnaces  is  also  used. 
Gas-fired  furnaces  are  used  as  previously  described,  and  coke  is  used 
as  fuel,  so  as  to  get  a  flame  free  from  soot.  Each  furnace  is  con- 
nected with  a  flue  820  feet  long,  for  condensation.  The  charges  vary 
according  to  the  proportion  of  arsenic  present,  from  12  to  22  cwts., 
and  the  roasting  lasts  5  to  8  hours.  The  residues,  containing  lo 
to  2  per  cent,  of  lead,  are  used  for  the  extraction  of  that  metal. 
The  arsenious  oxide  of  a  grey  colour,  deposited  in  the  nearer  portions 
of  the  condensing  flue,  is  purified  by  re-sublimation:  the  other 
portions  are  either  sold  as  white  arsenic  or  converted  into  arsenic 
glass. 

In  Cornwall  and  Devon  8  to  10  tons  of  ore  are  roasted  in  24 
hours,  the  coal  used  being  8  cwts.  per  ton  of  roasted  ore.  The 
furnaces  have  been  described  on  page  610.  Six  men  are  required 
for  each  double  furnace,  working  8-hour  shifts. 

In  the  Brunton  calciner  described  on  page  010,  4  to  5  tons  of  ore 
are  roasted  in  24  hours ;  the  tables  make  5  to  10  revolutions  in  the 
hour,  and  the  co«iI  used  is  1^  to  2  cwts.  per  ton  of  raw  ore ;  2  men 

^  Btry-  uml  Hiitten.  Zttj.,  1S.>:^,  p.  707. 
'^  Pr.  ZeiiHcht'.,  vol.  xviii.,  p.  189. 
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working  12  hours  each  are  sufficient  to  work  the   furnace  durin 
24  hours.  i 

In  the  Oxland  furnace  described  on  page  611,  20  to  25  tons  of  ur^ 
are  roasted  in  24  hours :  the  ores  contain  15  per  cent,  of  arsenic  and 
require  1  cwt.  of  coal  per  ton  of  ore  roasted :  3  men  and  3  boys 
working  8  hours  each  are  sufficient  for  the  working  of  thd^  furnaces 
per  24  hours.  j 

At  Bovisa  ^  in  the  province  of  Milan,  Italy,  arsenical  pyrites  froiii 
the  Cani  mine  near  Monte  Rosa,  containing  34  per  cent,  of  sulphur. 
10  to  12  per  cent,  of  arsenic,  and  06  to  0*7  ounces  of  gold  and  25 
ounces  of  silver  per  ton,  are  treated  for  sulphuric  acid,  arsenioiis 
oxide  and  gold.  They  are  roasted  to  this  end,  without  addition  ot 
fuel,  in  a  Mal^tra  furnace,  which  is  connected  through  a  system  of 
lead  pipes  and  flues  to  a  lead  chamber,  where  the  sulphur  dioxide 
evolved  in  the  roasting  is  converted  into  sulphuric  acid.  Th( 
arsenious  oxide  collects  in  the  lead  flues  leading  to  the  chamber 
and  is  removed  at  intervals.  It  forms  a  reddish-white  mud  and 
contains  sulphuric  acid  and  ferric  oxide.  Experiments  have  provetl 
that  pure  arsenious  oxide  can  only  be  obtained  by  resubliming  this 
mud,  after  the  sulphuric  acid  has  been  removed  from  it.  To  do  this 
the  mud  is  brought  on  to  a  quartz  filter  and  washed  thoroughly  with 
water.  The  filter  stands  on  the  false  bottom  of  a  rectangular  brick- 
work box,  and  is  covered  with  a  perforated  lead  lid  in  order  t^< 
distribute  the  washing  water  more  evenly.  The  filtrates  are  run 
into  the  lead  chamber ;  the  mud  is  dried  and  then  sublimed  in 
a  muffle  furnace,  yielding  thereby  a  sublimate  containing  98  t*» 
99  per  cent,  of  arsenious  oxide  (AsgOg).  The  pyritic  residues  contain 
1*5  to  2  per  cent,  of  sulphur  and  about  05  per  cent,  of  arsenic 
They  are  roasted  dead  in  a  shelf  furnace  with  grate  firing,  and  thtn 
treated  for  gold  by  the  chlorination  method. 


B.  The  Refining  of  the  Crude  Arsenious  Ojcide 

In  most  cases  it  is  necessary  to  purify  the  arsenious  acid  fn^i" 
foreign  matter  by  resublimation :  none  but  the  purest  ores  yiehi  at 
once  marketable  white  arsenic.  The  commoner  impurities  art' in- 
grains of  ore,  volatile  constituents  of  the  ores,  flue  dust  and  cu- 
bonaceous  matter.  Reverberatory  furnaces  with  either  gas  or  s"'''* 
fuel  are  used,  the  former  being  preferable,  as  the  arsenic  jmxi"'^"'* 
in    them    is   free     from    soot,    ash-dust    or   cindei-s.       ('onden?>it:"i 

>   Tht  Mill.  Ind.y  1897,  p.  40. 
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chambers  or   flues    are  attached    to   the    furnaces   to   collect   the 
arsenious  acid. 

At  Freiberg,  where  comparatively  impure  flue-dust  is  worked, 
the  gas-fired  fdmace  previously  described  is  used  for  the  production 
of  white  arsenic.  Charges  of  12  cwt.  are  heated  for  8  hours  and 
yield  85  per  cent,  of  their  arsenic;  the  residues  are  worked  up 
for  lead :  10  to  12  cwts.  of  coke  are  used  every  24  hours 

In  Cornwall  and  Devon,  where  the  crude  arsenic  contains  about 
70  per  cent,  of  the  oxide,  furnaces  similar  to  those  used  for  roasting 
the  ore  are  used. 

Elach  pair  of  furnaces,  having  one  long  side  in  common,  form 
one  double  furnace,  the  length  and  breadth  being  each  16  feet :  each 
furnace  has  three  working  doors  in  its  long  side  and  the  greatest  height 
of  the  roof  over  the  bed  is  IJ  feet.  The  fuel  used  consists  of  a 
mixture  of  coke  and  anthracite  in  equal  quantities,  and  the  gases 
and  vapours  leaving  the  furnace  pass  along  a  flue  100  feet  long  into 
a  series  of  12  chambers  arranged  in  a  zig-zag  manner,  each  chamber 
being  7  feet  high,  14  feet  long  and  4  feet  wide,  the  total  length  of 
passage  being  167  feet.  From  the  chambers  the  gases  pass  into  the 
chimney. 

The  foreign  matter  which  accompanies  the  vapour  is  deposited 
in  the  flue  leading  to  the  chambers,  whilst,  in  the  latter,  the  arsenic 
condenses  in  crystals ;  these  are  ground  in  a  mill  like  a  flour  mill 
and  packed  in  wooden  barrels. 

At  Deloro  ^  in  Canada,  the  crude  oxide  containing  85  per  cent,  of 
AsgOj  and  2  to  4  per  cent,  of  sulphur,  is  resublimed  in  single  hearth 
reverberatories  which  work  off  3  charges  of  1,600  lbs.  each  in  24  hours. 
The  vapoura  pass  first  through  a  hot  flue  into  a  hot  chamber,  where 
the  solid  particles  carried  over  (silica,  &c.)  are  deposited,  but  the 
oxide  remains  in  a  vapourous  state.  They  are  then  led  into  a  cooling 
chamber,  in  which  a  deposit  of  oxide  containing  996  to  100  per  cent, 
of  AS2O3  is  produced,  the  only  impurity  being  silica  from  the  brick- 
work of  the  chamber.  The  pure  oxide  is  withdrawn  every  fortnight ; 
it  is  finally  ground  and  is  then  ready  for  sale. 

C.  The  Production  of   White  Arsenic  Glass 

White  arsenic  glass  or  vitreous  arsenic  is  prepared  by  collecting 
the  vaporised  arsenic  at  a  temperature  so  high  that  the  sublimate 
fuses  together  into  a  mass. 

There  are  two  methods  of  procedure,  Gictsmachni  and  Grohrmachen. 

1  The  Min.  ImL,  1903,  p.  48. 
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The  former,  Gldsniacheny  is  used  when  it  is  desired  to  change  pun* 
arsenious  oxide  into  the  vitreous  form,  the  latter,  Grobemachen,  when 
it  is  desired  to  purify  the  arsenious  oxide  first 

The  plant  is  the  same  in  both  cases,  and  consists  of  cast-iron 
retorts  heated  by  an  open  fire  and  attached  to  cylindrical  receivere  of 
wrought  or  cast  iron.  The  retorts  must  be  made  of  cast  iron  a.« 
free  as  possible  from  graphite ;  otherwise  the  carbon  will  reduce  the 
arsenious  oxide  to  suboxide  of  arsenic,  and  this  will  give  the  subli- 
mate a  grey  colour. 

The  sublimed  oxide  collects  on  the  walls  of  the  receiver ;  at  the 
top  of  the  receiver  is  a  sheet-iron  hood  connected  by  a  sheet-irun 


Fio.  4'i<5. 


Fm.  457. 


tube  with  a  condensing  chamber  in  which  any  uncondensed  arsenious 
oxide  collects. 

Figs.  456  and  457  show  the  arrangement  of  the  plant  B  i> 
the  fireplace  8  feet  wide,  in  which  is  suspended  the  retort  a,  2  feet 
5  inches  deep,  2  feet  in  diameter  and  capable  of  holding  a  charge  of 
2J  cwt.  of  white  arsenic.  The  wrought-iron  receivers  6,  6,  each  in 
three  sections,  rest  on  the  retorts,  and  are  provided  with  handle^- 
The  joints  are  luted  with  a  mixture  of  loam,  hair  and  blood.  At  the 
upper  end  of  the  receiver  is  the  leaden  hood  c,  connected  with  tho 
chamber/ through  tho  tube  c. 

When  the  Grohcmachcn  process  is  employed  to  purify  the  arsonioi^ 
oxide  before  its  conversion  into  the  vitreous  form,  it  is  necessary  t" 
regulate  the  temperature  so  that  there  shall  be  no  sintering  of  th« 
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charge  in  the  retort;  otherwise  the  sintered  oxide  would  not 
sublime  over.  When  the  correct  temperature  is  employed  the 
greater  portion  of  the  arsenic  is  obtained  as  a  bulky,  light  sub- 
limate on  the  walls  of  the  receiver.  The  portions  which  escape 
through  the  receiver  are  condensed  in  the  chamber  beyond.  The 
process  is  known  to  be  ended  when  an  iron  bar,  inserted  through  an 
opening  in  the  hood,  is  no  longer  covered  with  a  white  deposit :  the 
opening  is  closed  by  a  tight-fitting  door.  When  this  point  is 
reached,  the  fire  is  allowed  to  die  out,  and  the  sublimate  removed  to 
be  converted  into  vitreous  arsenic  by  the  Glasmachen  or  "  running  *' 
process. 

The  residue  in  the  retort  is  returned  to  the  ore-roasting  furnaces. 
If  it  is  desired  to  produce  an  impure  arsenic-glass  direct  from' 
an  impure  arsenious  oxide,  the  temperature  must  be  raised  so  high 
that  the  sublimate  in  the  receiver  fuses  together.  The  product 
obtained  in  this  way  is  known  as  crude  arsenic-glass.  It  is  of  a 
grey  colour,  on  account  of  the  impurities  in  the  arsenious  oxide 
having  passed  over  with  it,  and  requires  a  further  sublimation  if 
white  vitreous  arsenic  is  to  be  made  from  it.  The  grey  colour  may 
be  pix)duced  either  by  metallic  arsenic,  or  by  fine  ore  dust  in  the 
arsenious  oxide  employed. 

For  the  Glasniachen  or  preparation  of  pure  vitreous  arsenic,  the 
same  apparatus  is  employed.  The  fire  is  urged  to  such  a  degree 
that  the  walls  of  the  receiver  are  hot  enough  to  fuse  the  sublimed 
arsenious  oxide  to  a  glass.  If  the  temperature  should  be  allowed  to 
get  too  high,  the  amount  of  sublimed  arsenic  which  passes  into  the 
chambers  beyond  the  receiver  is  excessive ;  if  it  should  not  be  high 
enough,  the  sublimate  is  powdery  and  loses  its  translucency.  When 
the  receiver  is  at  the  correct  temperature,  water  hisses  when 
sprinkled  on  the  upper  portion  from  a  bunch  of  twigs,  and  instantly 
evaporates  from  the  lower  portion.  The  end  of  this  process  is  tested 
in  the  way  described  above.  The  charges  are  2|  to  8  cwt.  each,  and 
require  8  to  12  hours.  At  the  end  of  the  process  the  furnace  is 
allowed  to  cool  for  14  to  16  hours,  and  the  vitreous  arsenic  is 
removed  from  the  walls  of  the  receivers,  which  it  covers  as  a  scale  to 
a  depth  of  from  1  to  2  inches. 

The  product  is  the  amorphous  modification  of  arsenious  oxide,  and 
when  freshly  prepared  is  transparent  and  glistening  with  a  conchoidal 
fracturo.  After  long  exposure  to  the  air  it  passes  into  the  crystalline 
form  and  resembles  porcelain,  with  a  waxy  lustre. 

At  St.  Antlreasberg  in  the  Oberhartz,^  crude  arsenious  oxide  was 
»  Kerl,  MetallhutttnkHmh,  p.  513, 
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formally  worked  in  charges  of  2 J  cwt.  into  a  crude  arsenic-glass,  and 
the  latter  converted  in  charges  of  3^  cwt.  into  pure  vitreous  arsenic. 
Each  sublimation  took  8  to  12  hours,  and  yielded  89  per  cent.  (»f 
vitreous  arsenic  and  7  per  cent,  of  residue,  of  which  40  to  GO  per 
cent,  was  arsenious  oxide.  The  4  per  cent,  of  apparent  loss  was  partly 
actual  loss  and  partly  due  to  the  powdery  arsenic  formed. 

The  consumption  of  wood  fuel  was  12  cubic  feet  per  cwt.  of 
glass  produced. 

At  Ribas,  in  Spain,  charges  of  4  cwt.  of  purified  white  anionic 
were  worked  in  7  hours;  the  fuel  consumed  was  150  lbs.  wood  aD<l 
74  lbs.  coal  per  charge,  and  the  glass  obtained  was  96  per  cent. 

At  Freiberg  the  charges  consist  of  2 J  to  3  cwts.  each.  The  fuel 
consumed  is  2  to  3  cubic  feet  per  charge, and  the  time  8  to  12  hours: 
87*5  per  cent,  of  glass  is  obtained.  The  retorts  used  are  about  23 
inches  in  diameter  and  about  19  inches  deep.  The  receivers  are  in 
three  sections  of  about  23  inches  diameter  and  a  total  height  of 
about  38  inches,  The  top  of  the  cover  which  closes  the  upper  end 
of  the  receiver  is  5 J  inches  in  diameter,  and  is  connected  to  a  tube 
of  the  same  diameter  which  leads  into  the  condensing  chamber.  The 
life  of  a  retort  is  about  150  charges. 


3.  The  Production  of  Red  Arsenic  Glass  or  Realgar 

Realgar  (also  known  as  ruby  sulphur^  arsenrubin,  rauschrolk. 
mndarach,  &c.)  is  a  combination  of  arsenic  and  sulphur  which 
approaches  in  composition  to  native  realgar.  In  colour  it  varit^ 
from  rose  to  hyacinth  red  with  an  orange  yellow  streak.  It  is  manu- 
factured by  subliming  a  mixture  of  mispickel  and  iron  pyrites,  or 
one  of  mispickel  and  sulphur.  Both  methods  jrield  the  same  pn»- 
duct,  the  two  constitutents  being  expelled  by  the  heat  and  combining 
in  the  state  of  vapour. 

If  sulphur  and  arsenic  be  merely  fused  together,  comix>unds  aa 
obtained  which  do  not  possess  the  desired  colour ;  neither  does  tht- 
fusion  of  arsenic  trioxide  with  sulphur  yield  realgar  of  the  desimi 
quality. 

It  is  not  essential,  in  order  to  obtain  a  good  product,  that  tht 
sulphur  and  ai-senic  should  be  employed  in  the  correct  molecular 
))roportion8.  Tho  best  jiroportions  for  a  product  of  any  |)articular 
shade  are  discovered   by  trial. 

The  process  consists  of  two  distinct  parts.  The  suWiniati'-i' 
yields  a  product  (Ef)hgias)  of  varying  composition  which  is  broughi 
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up  to  the  desired  shade  by  further  fusion  with  sulphur  or  arsenic. 
We  shall  therefore  describe : — 

A.  The  production  of  Bohglas. 

B.  The  conversion  of  Bohglas  into  realgar  or  the  "  refining  *' 
of  Bohglas, 

A.  The  Prodv/dion  of  **  Bohglas  " 

The  sublimation  is  carried  out  in  a  retort  furnace.  Usually  the 
niispickel  is  mixed  with  an  equal  weight  of  iron  pyrites.  At 
Freiberg  a  mixture  of  the  desired  composition  results  from  the 
preliminary  mechanical  dressing  of  the  ores,  whilst  at  other  places 
it  has  to  be  specially  prepared. 

The  furnace  used  at  Freiberg  contains  12  retorts  in  3  rows;  each 
retort  is  4J  feet  long,  about  5  inches  diameter,  and  0*7  inch  thick  in 
the  walls,  and  each  is  protected  from  contact  with  the  flame  by 
empty  retorts  place<J  under  them.  These  latter  are  known  as  Pro- 
tedeurs.  Each  furnace  has  two  fireplaces.  The  charge  is  introduced 
at  the  rear  of  the  retort,  which  is  afterwards  closed  by  a  tile.  The 
front  end  of  the  retort  opens  into  a  receiver  fitted  to  it.  This  receiver 
is  a  sheet-iron  box  fitted  with  an  opening  for  the  escape  of  the 
steam  liberated  during  the  process;  the  progress  of  the  operation 
can  be  watched  through  it. 

At  Freiberg  the  charge  of  iron  and  arsenical  pyrites  contains  10 
to  15  per  cent,  of  arsenic  and  30  to  35  per  cent,  of  sulphur,  and  a 
small  quantity  of  silver,  which  is  extracted  from  the  residue  after 
sublimation.  A  charge  weighs  about  60  lbs.  and  occupies  only  two- 
thirds  of  the  retort. 

The  retort,  when  charged,  is  heated  to  redness  for  from  8  to  12 
hours,  after  which  the  residue  is  drawn  out.  The  residues  still 
contain  0*5  per  cent,  of  arsenic  and  23  to  24  per  cent  of  sulphur,  and 
are,  after  being  roasted,  added  to  a  smelting  charge  for  silver-lead. 
The  receivers,  which  contain  Bohglas  in  both  the  compact  and 
pulverulent  form,  are  emptied  after  each  third  charge.  The  massive 
Rohglas  is  treated  by  the  refining  process,  while  the  pulverulent  pro- 
duct is  added  to  a  subsequent  charge  to  be  again  sublimed.  Each 
furnace  treats  from  12  to  14  cwts.  of  ore  in  24  hours  with  a  con- 
sumption of  8  to  10  cwts.  of  coal ;  6  furnaces  are  worked  by  each 
gang  of  4  men  working  8-hour  shifts. 

At  Reichenstein  ^  it  was  formerly  the  custom  to  work  charges  of 
5  cwt.  of  arsenical  pyrites  and  87   lbs.  of  crude  sulphur  in  glazed 

»  Freaenius,  Ztitsckrifl,  1871,  p.  308. 
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earthenware  retorts,  such  as  were  used  for  the  production  of  arsenic: 
each  charge  was  worked  oflF  in  6  to  7  hours,  and  the  yield  was  168  lbs. 
of  Bohglas  per  charge. 

At  Ribas  ^  equal  parts  of  mispickel  and  iron  pyrites  used  to  be 
sublimed  in  clay  retorts.  Each  charge  was  8  cwts.  and  yielded 
\\  cwts.  of  Eohglas,  the  fuel  used  per  charge  was  2  cwt.  wood  and  3 
cwt.  coal,  and  the  time  required  was  6  to  7  hours. 

B.  The  "  Refining  "  of  ''  Rohglas  " 

The  first  process  is  usually  conducted  so  as  to  produce  a  Rohgh^ 
which  shall  be  relatively  rich  in  arsenic  and  poor  in  sulphur ;  and 
therefore,  to  bring  it  to  the  right  shade,  sulphur,  as  a  rule,  has  to 
be  added  in  the  second  process.  It  rarely  happens  that  the  opposite 
course  is  resorted  to. 

The  refining  is  carried  out  in  pans  or  pots  of  cast  iron,  provided 
with  a  discharge  pipe  at  the  bottom.  The  Bohglas  is  rapidly  fused 
in  these  by  quick  firing,  and  then  stirred.  Impurities  form  a  slag  i>n 
the  surface,  known  as  refinery  slag,  and  these  are  skimmed  oflf  and 
the  requisite  quantity  of  sulphur  or  arsenic,  as  the  case  may  be,  is 
stined  in  with  an  iron  bar. 

As  soon  as  the  fused  material  runs  freely  from  the  iron  bar  and 
shows  on  cooling  the  requisite  colour  and  compactness,  the  newly- 
formed  slag  is  skimmed  oflf  and  the  refined  realgar  is  run  into  conical 
air-tight,  covered  moulds  made  of  sheet  iron.  When  cool,  it  L^ 
broken  into  pieces  and  at  once  ground  to  fine  powder.  The  slag  is 
used  for  the  production  of  white  arsenic. 

At  Freiberg,  the  pans  used  are  16J  inches  in  diameter  and  23 
inches  deep,  and  the  charge  consists  of  3  cwt.  of  Hohglas  and  40  ti- 
60  lbs.  of  sulphur.  The  process  occupies  1  to  2  hours,  and  the  pro- 
duct contains  75  per  cent,  arsenic  and  25  per  cent,  of  sulphur. 
Chilian  mills  are  used  for  grinding. 

At  Reichenstein,^  the  charge  used  to  be  4  cwt.  of  Bohglm  with 
30  per  cent,  of  sulphur,  which  produced  479  lbs.  of  realgar. 

At  Ribas,^  charges  of  4  cwt.  Rohglas  were  refined  in  iron  paib 
in  2  hours  each,  by  the  addition  of  45  to  56  lbs.  of  sulphur. 

4.  The  Production  of  Orpiment 

This  pigment,  also  known  as  Ravschgelb  and  Auripiginent  (cor- 
rupted into  orpiment),  consists  of  arsenious  oxide  coloured  yellow  by 

^  Berg-  und  Huttenm.  Zfg.,  1853,  p.  774.  ^  Fresenius,  ioc.  cit. 

•  Loc*  cit. 
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arsenic  sulphide.     It  is  really  not  the  same  in  composition  as  the 
mineral  known  by  the  same  name  (AS2S3). 

It  is  manufactured  by  subliming  together  arsenious  oxide  and 
sulphur,  the  proportion  of  the  latter  being  determined  by  the  shade 
reijuired.  The  apparatus  employed  is  that  described  above  for  the 
production  of  vitreous  arsenic,  the  temperature  of  working  being 
high  enough  to  keep  the  sublimed  orpiment  liquid  till  the  apparatus 
cools. 

At  Freiberg  the  process  is  as  follows : — 4*5  to  9  lbs.  of  sulphur 
arc  placed  in  the  bottom  of  the  retort,  and  280  lbs.  of  white  arsenic 
are  placed  on  top  of  it ;  the  mass  is  heated  till  an  iron  wire  plunged 
in  the  melt  is  no  longer  coated  when  drawn  out.  During  the  process 
a  portion  of  the  arsenious  oxide  is  reduced  to  arsenic  by  part  of  the 
sulphur  present,  sulphur  dioxide  being  liberated.  The  reduced 
arsenic  and  the  rest  of  the  sulphur  combine  to  form  sulphide  of 
arsenic,  which  is  always  contaminated  with  small  quantities  of  free 
sulphur.  The  lowest  receiver  contains  adhering  to  the  walls,  a  fused 
mass  of  orpiment,  varying  in  colour  from  citron  yellow  to  orange  red  ; 
the  other  receivers  contain  an  irregular  streal^y  product,  which  must 
be  fused.  A  certain  quantity  of  powdery  product  is  also  obtained 
which  is  added  to  subsequent  charges  for  resublimation. 

The  charge  of  the  above  composition  will  yield  seven-eighths  of 
its  total  weight  of  orpiment  in  the  solid  or  pulverulent  form. 

At  Reichenstein,  white  arsenic  with  the  addition  of  6  per  cent, 
of  its  weight  of  sulphur  was  formerly  used  for  the  preparation  of 
orpiment. 

Buchner  ^  gives  the  following  proportions  of  sulphur  in  difiFerent 
varieties  of  orpiment : — 

%S  corresponding  to  %As2S3 

1.  Very  transparent,  streaky     ....      2*5  6*4 

2.  Twice  refined,  deep  colour     ....      10')  268 

3.  Moderately  strongly  coloured  ...      1*34  3*43 

All  these  samples  contained  part  of  the  sulphur  uncombined,  a 
small  residue  being  left  on  treatment  with  ammonia. 

When  sulphuric  acid  which  contains  arsenic  is  purified  by  treat- 
ment with  sulphuretted  hydrogen,  a  sulphide  of  arsenic  is  obtained 
which  corresponds  in  composition  to  the  mineral  orpiment :  this 
method  however  is  not  well  suited  for  the  production  of  the  pig- 
ment. When  this  precipitate  was  washed  and  heated  in  an  iron 
retort  in  an  atmosphere  of  coal  gas  the  sublimate  was  an  unsightly, 
dark-coloured  glass  which  contained  organic  matter.     At  Freiberg  it 

»  Berg-  und  HUtterm.  Ztg.j  1871,  p.  245. 
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is  usual  to  work  this  product  (from  the  purification  of  oil  of  viiriul 
by  sulphuretted  hydrogen)  after  drying  it,  by  burning  it  in  the  kiln^ 
for  the  production  of  sulphur  dioxide  for  sulphuric  acid  manufactiiiv. 
the  arsenic  being  obtained  as  arsenious  acid. 


II.  The  Extraction  of  Arsenical  PRODucrs  from  the  Residues 
FROM  THE  Manufacture  of  Coal-Tar  Colours 

For  this  purpose  a  large  number  of  methods  have  been  proposed. 
The  arsenic  is  principally  in  the  form  of  arsenite  or  arseniate  of  limt^, 
and  the  products  aimed  at  are  usually  the  two  free  acids.  Most  of 
the  proposals  depend  on  reducing  the  arsenic  compound  to  thi- 
metallic  state  at  a  red  heat  by  organic  matter  and  burning  iht* 
metallic  vapour  in  air  to  form  arsenious  oxide. 

Wirilder's  Method} — The  mother  liquors  from  the  magenta 
crystals  are  treated  with  soda  in  excess,  in  order  to  form  arseuiati*  'i 
soda.  The  liquid  is  then  evaporated  in  pans  till  crystals  appear  ol 
its  surfiice,  after  which  it  is  mixed  in  boxes  with  powdered  lime- 
stone and  coaldust,  and  well  stirred  to  form  a  solid  mass:  fur 
every  100  lbs.  of  sodium  arseniate  in  the  liquid,  30  lbs.  of  limestor.t- 
and  25  lbs.  of  coal  are  added.  In  the  next  process  the  limest^^m 
and  coal  together  decompose  the  sodium  arseniate ;  it  is  said  that 
coal  alone  would  not  eflfect  it.  The  mixture  is  next  heated  in  a 
muffle  with  a  double  bottom.  On  the  upper  bed  the  water  > 
driven  off,  and  the  dry  mixture,  when  put  on  the  lower  one  and  heatt-^l 
to  a  red  heat,  gives  off  arsenic  vapour,  while  sodium  carbonate  an-l 
lime  remain  behind.  The  arsenic  vapour  passes  into  conden;?in:: 
chambers  where,  meeting  a  current  of  air, it  burns  to  arsenious  oxid- 
and  is  deposited.  The  sodium  carbonate  is  extracted  from  thf 
residue  by  solution  and  used  again  for  the  preliminary  saturati'»n 
the  lime  also  can  be  used  again. 

Rando  &  Go.'s  and  Tambourin  &  Lemaire^s  Methods. — ^The  aniline 
residues  are  washed,  dried  and  heated  to  redness  with  coke,  th'' 
reduced  arsenic  which  is  liberated  in  the  state  of  vapour  is  bunit 
and  the  arsenious  oxide  collected  in  chambers. 

BoUeys  Method. — The  residues  are  heated  with  hydrochloric  aci«l 
or  with  salt  and  sulphuric  acid.  Arsenious  chloride  is  given  off  anl 
collected  in  water,  when  the  greater  part  of  the  arsenic  is  precipitin'  • 
as  arsenious  acid. 

^  DeuiHchc  Industrie- Zeitnng,  1876,  p.  333,  and  Vtrh.  d.  Vereins  zur  B^n^'- - 
r/M  Oeu-erhfl.,  1876,  part  3,  p.  211. 
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Sfopps  Method. — The  residues  are  digested  with  hydrochloric 
iicid  in  order  to  dissolve  all  the  arsenic,  the  solution  is  then  saturated 
with  soda,  and  the  arsenic  is  precipitated  by  adding  lime.  The  pre- 
cipitate is  treated  with  sulphuric  and  nitric  acids  which  convert  the 
lime  into  insoluble  gypsum,  while  the  arsenic  as  arsenic  acid  remains 
in  solution. 

The  author  is  not  in  a  position  to  state  how  far  any  of  these 
methods  are  in  actual  practice. 
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Physical  Properties 

Nickel  possesses  an  almost  silvery-white  lustre  with  a  stcH?l- 
grcy  tinge,  and  great  brilliancy. 

The  specific  gravity  of  cast  nickel  is  given  as  8'35,  and  that  ^f 
rolled  nickel  as  between  8*6  and  8*9. 

With  gi-eat  hardness  and  capacity  for  taking  polish  it  combint- 
great  malleability ;  it  can  be  easily  hammered,  rolled,  or  drawn  int*' 
wire.  Sheets  00008  inch  thick  and  wire  00004  inch  in  diamettr 
may  be  made  from  it. 

The  tensile  strength  of  iiickel  surpasses  that  of  iron.  According 
to  Deville,  a  wire  made  from  nickel  containing  03  per  cent,  silio^n 
and  01  per  cent,  copper  bears  a  strain  of  200  lbs.,  whereas  a  similar 
wire  of  iron  breaks  under  133  lbs.  Kollmann  examined  a  specimen 
of  nickel  from  the  manufactory  of  Fleitmann  in  Iserlohn,  containini^ 
^  per  cent,  magnesium,  and  found  that  its  absolute  tensile  strength 
and  extensibility  were  equal  to  that  of  Bessemer  st.eel  of  mediuw 
hardness.  The  breaking  strain  was  87,110  lbs.  per  square  inch,  wiihan 
elongation  of  15  to  21  per  cent.,  and  an  elastic  limit  of  55,170  11'- 
per  square  inch. 

Nickel  is  attracted  by  a  magnet,  and  then  becomes  magnoti 
itself:  it  is  said  to  lose  this  property  at  350'  C. 

Nickel  can  not  only  be  welded  to  itself  at  a  white  heat,  but  it 
can  also  be  welded  to  iron  and  certain  alloys.  Fleitmann  is  the 
inventor  of  the  method  of  manufacturing  nickel-plated  wares  bv  an 
application  of  this  property.  He  welds  iron  "and  steel  to  pure  nicW 
or  to  a  nickel-iron  alloy,  and  also  welds  nickel  to  alloys  of  copier 
and  nickel.  The  method  adopted  is  either  hammering  or  rolling 
For  such  welding  to  be  successful,  the  necessary  condition  is  tk» 
complete  exclusion  of  air  from  the  surfaces  to  be  welded,  whicb 
Fleitmann  attains  by  various  methods. 

The  coefficient  of  expansion  of  nickel  between  0**  and  10(i  < 
is  0001286  accoixling  to  Fizeau  ;  its  specific  heat  is  01 108. 
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Nickel  is  difficultly  fusible.  According  to  older  experiments  it 
melts  at  about  1600°  C. ;  according  to  the  newer  work  of  Schertel 
between  1392°  C.  and  1420°  C.  According  to  Knut  Styflfei  i^s 
melting  point  is  about  1450°  C.  It  is  more  readily  fusible  if  it 
contains  carbon. 

Molten  nickel  has  the  property  of  absorbing  carbon  monoxide 
and  giving  it  out  again  on  cooling.  The  alloys  of  nickel  with  copper 
also  possess  this  property  in  a  degree  which  increases  directly  with 
the  percentage  of  nickel,  and  the  temperature  of  the  fused  metal. 
Further,  if  certain  substances  (carbon  and  various  oxides)  are  present 
in  molten  nickel,  carbon  monoxide  is  generated  by  action  between 
them  at  certain  temperatures.  The  occluded  gas  makes  the  nickel 
porous,  and  unsuitable  for  hammering  and  rolling.  In  order  to 
obtain  nickel  free  from  blowholes,  it  is  necessary  to  observe  special 
precautions,  to  be  described  in  the  proper  place. 

Commercial  nickel  is  exceedingly  impure,  being  contaminated  by 
substances  of  which  even  traces  affect  its  valuable  properties.  The 
most  harmful  impurities  are  arsenic,  sulphur,  oxide  of  nickel  and 
chlorine. 

01  per  cent,  of  arsenic  makes  nickel  brittle,  and  incapable  of 
being  rolled. 

O'l  per  cent,  of  sulphur  renders  nickel  unsuitable  for  rolling.  It 
appears,  from  the  results  of  experiments  at  the  Berndorf  Nickel 
Works  at  Vienna,  that  the  same  proportion  of  sulphur  in  alloys  like 
German  silver  is  harmlesa 

Iron  in  German  silver  lessens  its  extensibility  and  destroys  this 
property  altogether  when  the  proportion  of  iron  in  the  nickel  used 
amounts  to  1  per  cent. 

Nickel  alloys  containing  much  iron  are  especially  remarkable  for 
tenacity  and  strength,  as  was  discovered  in  1890.  Nickel  has  the 
power  of  increasing  the  strength  and  elastic  limit  of  iron.  These 
alloys  are  used  for  armour  plates  and  artillery. 

Copper  gives  to  nickel  a  yellow  or  brownish-red  hue,  but  exerts 
no  injurious  influence  on  its  properties  as  long  as  its  proportion  is 
less  than  1^  times  that  of  the  nickel. 

Cobalt  increases  the  whiteness  of  nickel,  and,  up  to  a  proportion 
of  6  per  cent.,  has  no  influence  on  its  tensile  strength.  A  greater 
proportion  is  said  to  make  the  nickel  brittle. 

Carbon  is  dissolved  by  molten  nickel,  and  seems  not  to  affect  its 
good  qualities,  so  long  as  oxides  are  not  present  at  the  same  time. 
It  makes  nickel  slightly  more  fusible,  but  also  brittle  under  certain 

1  Oesterr,  Zeit«chr,  1894,  p.  340. 
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conditions.  Accoiiling  to  Jungk  ^  the  separation  of  carbon  in  x]w 
form  of  graphite  from  molten  nickel  takes  place  readily  if  ilif 
nickel  contains  a  large  proportion  of  cobalt.  Carbon  may  be  sejar- 
ated  from  nickel  by  silicon  in  the  same  way  as  it  is  separated  friun 
iron.  According  to  Gard,  commercial  nickel  may  contain  the  greakr 
part  of  its  carbon  in  the  separated  form  of  giaphitic  scales.  A  sanipK- 
of  nickel  produced  by  him,  with  21  per  cent,  carbon  (of  which  2-0'^ 
per  cent,  existed  as  graphite)  proved  to  be  strongly  magnetic,  iJ<»tt 
and  tolerably  ductile.  By  passing  marsh-gas  over  nickel  he  increase*! 
the  proportion  of  carbon  to  12  per  cent.,  and  this  carbon  seemed  to 
be  in  chemical  combination.  Boussingault  obtained,  at  a  high 
temperature  in  a  cementation  furnace,  a  specimen  of  nickel,  which 
held  the  same  proportion  of  carbon  as  very  hard  steel,  but  all  tht 
essential  properties  of  the  original  metal  were  retained.  It  therefon- 
appears  that  nickel,  unlike  iron,  is  not  hardened  by  the  increase  of 
its  carbon.  Nevertheless  alloys  of  iron  which  are  rich  in  nickel  can 
be  made  harder  by  increasing  their  proportion  of  carbon  (nickel-stet^b. 
According  to  Fleitmann  nickel  absorbs  cyanogen,  which  makes  it 
brittle. 

According  to  Ledebur  nickel  absorbs  its  own  monoxide,  and  thi- 
injures  itg  tenacity  and  malleability,  as  cuprous  oxide  does  that  ct 
copper.  He  also  states  that  the  percentage  of  oxygen  (existing  a- 
monoxide)  in  brittle  non-ductile  cast  nickel  is  0*304 ;  while  in  duotilt 
nickel  it  is  0084,  and  in  cast  German  silver  0-061. 

Ledebur  also  states  that  when  nickel  monoxide  and  carbon  an 
both  present  in  the  metal,  carbon  monoxide  is  produced  on  fusion. 
and  renders  the  castings  unsound. 

Nickel  takes  up  silicon  as  iron  does,  when  it  is  reduced  from  th-. 
oxide  by  carbon  at  a  very  high  temperature  in  the  presence  of  silic:i 
Gard  found  in  such  nickel  about  9  5  per  cent,  carbon,  and  61 0  ]»•: 
cent,  silicon.  Nickel  containing  silicon  has  the  physical  properties  .•! 
grey  cast-iron. 

Phosphorus,  in  the  proportion  of  less  than  03  per  cent.,  exerts  n  ■ 
injurious  influence  on  the  qualities  of  the  metal.  Above  this  pr - 
portion  it  makes  it  harder,  and  decreases  its  malleabilit3^ 

Chlorine  may  be  present  to  the  extent  of  0*18  per  cent,  in  niok-\ 
separated  in  the  wet  way,  and  makes  the  German  silver,  for  whirh 
such  metal  is  used,  unfit  for  rolling. 

1  Vitigler,  vol.  222,  p.  94  ;  vol.  236,  p.  480.  I 
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Chemical  Properties 

Nickel  is  pyrophoric  when  reduced  from  its  oxide  by  hydrogen 
at  a  comparatively  low  temperature.  When  prepared  in  other  ways 
it  is  unaltered  in  either  dry  or  moist  air  at  the  ordinary  temperature. 
The  quantity  of  carbon  dioxide  present  exerts  no  influence.  Heated 
in  the  air,  it  first  assumes  rainbow  colours  like  steel  does,  and  becomes 
covered,  at  a  red  heat,  with  a  greenish  grey  coating  of  nickel  mon- 
oxide, which  is  changed  by  strong  heating  into  dull-green  nickelo- 
nickelic  oxide  (hammer  scale).  In  oxygen  it  burns  as  iron  does, 
forming  the  monoxide. 

Nickel  at  a  red  heat  decomposes  steam  very  slowly,  as  the  metal 
becomes  covered  with  olive-green  crystals  of  the  monoxide. 

It  is  only  very  little  acted  on  by  hydrochloric  or  sulphuric  acids 
in  the  cold.  Dilute  nitric  acid  and  aqua  regia  dissolve  it  readily; 
concentrated  nitric  acid  makes  it  "  passive  "  like  iron.  This  is  sup- 
posed to  be  due  to  the  formation  of  a  coat  of  nickelo-nickelic  oxide. 
Fused  alkalis  attack  nickel  but  slightly;  it  is  therefore  used  in 
laboratories  for  crucibles. 

Chemical  Reactions  of  Nickel  Compounds  which  are 
OF  Importance  in  its  Metallurgy 

Oxides 

There  are  two  oxides  of  nickel,  and  each  forms  a  corresponding 
hydrate. 

Niekelons   Oxide,  NiO, 

or  nickel  monoxide,  has  a  green  colour.  It  is  formed  when  nickel 
is  heated  in  oxygen,  in  air,  or  in  steam,  as  well  as  when  nickel 
sulphide  or  arsenide  is  roasted  ;  also  by  heating  nickelous  hydrate 
or  sulphate. 

At  a  strong  red  heat  this  oxide  is  reduced  to  metal  by  carbon  or 
by  carbon  monoxide,  the  metal  not  melting.  When  reduced  by 
carbon,  carbon  dioxide  is  chiefly  formed ;  it  is  the  only  product  of 
reaction  when  carbon  monoxide  is  the  reducing  agent.  Thus 
Boudouard  ^  found  in  the  first  case  (the  carbon  being  in  the  form  of 
wood  charcoal)  that  at  oSO""  C.  98  3  per  cent,  of  carbon  dioxide  and 
1*7  per  cent  by  volume  of  carbon  monoxide  were  formed ;  and  at 
^0(f  C.  98*9  per  cent,  of  carbon  dioxide  and  11  per  cent,  of  carbon 
'  Kocherches  sur  lea  e<iuilibre«  chemiques,  Ann.  Chem,  Phyn.,  vol.  24,  p.  77,  1901. 
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monoxide.  At  the  temperature  of  230''  C,  the  powdered  oxide  b 
reduced  to  metal  by  hydrogen ;  and  as  before  said,  the  metal  thus 
prepared  is  pyrophoric.  In  mixtures  of  nickelous  and  ferrous  oxide, 
the  nickel  is  the  first  to  be  reduced  by  coal  or  carbon  monoxide. 

With  silica  this  oxide  combines  to  form  silicates. 

Whereas  when  cuprous  oxide  and  copper  sulphide  arc  heat^ 
together  in  proper  proportion  the  whole  of  the  metal  is  separated 
and  sulphur  dioxide  evolved,  the  heating  of  nickelous  oxide  with 
nickel  sulphide  produces  no  reaction. 

If  this  oxide  is  heated  with  iron  sulphide  or  arsenide,  we  git 
ferrous  oxide  and  nickel  sulphide  or  arsenide.  In  presence  of  silica 
the  iron  oxide  will  form  a  silicate. 

Nickelous  oxide  and  copper  sulphide  do  not  react. 

It  dissolves  in  acids,  forming  nickelous  salts. 

Nickelous  Hydrate,  Ni(0H)2, 

is  precipitated  from  solutions  of  nickel  salts,  by  hydrates  of  the 
alkalis  and  alkaline  earths.  It  is  a  bright  green  powder,  converted 
by  heating  into  the  monoxide ;  all  the  nickel  salts  are  derived  from 
the  monoxide. 

Nickelic  Oxide,  NijO^, 

or  nickel  sesquioxide,  is  black.  ,  It  is  obtained  by  gently  heating 
nickelous  carbonate  or  niti-ate.  Like  the  monoxide,  it  can  be  re- 
duced to  metal ;  and  again  like  it,  it  does  not  react  with  tie 
sulphide.     No  salts  corresponding  to  it  are  known. 

It  dissolves  in  sulphuric  and  nitric  acids,  forming  nickelous  salts, 
and  setting  free  oxygen;  in  hydrochloric  acid  it  forms  mckeloii> 
chloride  and  sets  chlorine  free;  it  also  dissolves  in  ammonia  \^ith 
the  separation  of  nitrogen. 

The  hydrate  of  this  oxide  is  obtained  by  treating  nickelous  hydrate- 
suspended  in  water  with  chlorine. 


Nickel  Monosulphide 

is  found  native  as  millerite  or  nickd  pyHtes  (hair-pyrites).  It  i^ 
obtained  as  a  brittle  bronze-yellow  mass  by  heating  nickel  with 
sulphur;  or  as  a  powder,  mixed  with  metallic  nickel,  by  heatin-r 
the  sulphate  strong!}^  with  coal,  carbon  monoxide  or  hydrogen. 

The   hydrated   sulphide   can    be   obtained   as  a  brownish-black 
precipitate  by  the  action  of  alkaline  sulphides  on  nickel  salts.    Th- 
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is  difficultly  soluble  in  dilute  hydrochloric  acid.  Small  quantities 
dissolve  in  excess  of  the  alkaline  sulphide,  imparting  to  it  a  brown 
colour.  According  to  Mourlot^  nickel  sulphide  is  transformed  into 
a  sub-sulphide  NigS  by  an  electric  current  of  35  amperes  at  35  volts. 
Practically  all  the  sulphur  is  driven  off  when  it  is  subjected  to  900 
amperes  at  50  volts. 

Nickel  sulphide  is  decomposed  by  copper,  with  the  separation  of 
metallic  nickel,  according  to  the  following  equations  : — 

NiS+2Cu  =  Cu2S  +  Ni 
2NiS  +  2Cu  =  Cu^S  +  NiS  +  Ni. 

When  the  sulphide  is  roasted,  part  of  the  sulphur  passes  oflf  as 
dioxide,  and  the  nickel  is  oxidised.  A  portion  of  the  sulphur  dioxide 
formed  produces  sulphuric  acid,  and  forms  nickel  sulphate.  Strong 
heating  changes  this  last  into  nickelous  oxide  and  sulphur  trioxide 
(or  sulphur  dioxide  and  oxygen).  By  sufficiently  long  continued 
roasting  at  the  proper  temperature,  nickelous  oxide  alone  may  be 
obti^ined ;  otherwise  there  will  be  a  mixture  of  the  oxide,  the 
sulphate  and  unaltered  sulphide. 

If  compounds,  or  mixtures,  of  nickel  and  iron  sulphides  are 
carefully  roasted,  a  mixture  of  nickel  monoxide  and  ferric  oxide  is 
obtained.  As  sulphate  of  nickel  is  a  very  stable  compound,  the 
roasting  can  be  so  conducted,  if  a  sufficient  quantity  of  sulphur  be 
present,  that  the  greater  part  of  the  nickel  is  obtained  as  sulphate, 
and  the  iron  as  ferric  oxide.  If  the  roasting  is  interrupted  before  all 
the  sulphur  is  removed,  a  mixture  of  oxides,  sulphates  and  sulphides 
of  nickel  and  iron  will  remain. 

By  roasting  nickel  and  copper  sulphides  in  the  same  way,  it  is 
possible  to  get  nickel  monoxide  and  cupric  oxide ;  or  a  mixture  of 
oxides  and  sulphates  as  above  mentioned.  Again,  as  nickel  sulphate 
is  stable  at  a  higher  temperature  than  copper  sulphate  is,  it  is 
poi*sible,  with  a  sufficient  proportion  of  sulphur  in  the  ore,  to  con- 
duct the  roasting  so  that  nickel  remains  chiefly  as  sulphate,  and  the 
copper  as  oxide. 

If  the  three  sulphides  are  used  together,  the  same  is  true. 
Nickel  may  be  obtained  Jis  sulphate,  instead  of  as  monoxide,  while 
the  other  two  metals  appear  as  ferric  and  cupric  oxides. 

If  a  mixture  of  the  oxides  and  sulphides  of  iron  and  nickel  is 
hoatod  with  carbon  and  silica,  nickel  sulphide  and  ferrous  silicate  are 

I  Conipt.  renduM,  1897,  124,  i.  768. 
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formed,  if  the  proper  proportion  of  sulphur  is  present ;  but  if  there 
is  more  sulphur  present  that  can  combine  with  the  nickel,  a  mixture 
of  ferrous  and  nickel  sulphides  is  produced :  this  is  known  as  nickel 
matte. 

Similarly,  if  the  mixture  contains  oxides  and  sulphides  of  the 
three  metals,  iron,  copper  and  nickel,  and  if  the  correct  proportion 
of  sulphur  be  present,  it  is  possible  to  regulate  the  fusion  so  that 
sulphides  of  nickel  and  copper,  and  ferrous  silicate  shall  be  obtained : 
if,  however,  there  is  too  much  sulphur  present  to  produce  that  result, 
a  nickel-copper  matte  is  produced,  which  will  contain  the  sulphides 
of  all  three  metals. 

If  a  stream  of  air  under  pressure  is  passed  through  molten 
nickel  matte  containing  silica,  the  iron  combines  with  the  latter, 
and  sulphur  dioxide  is  liberated,  while  the  nickel  sulphide  is  not 
affected. 

If  a  current  of  air  be  passed  through  the  remaining  nickel 
sulphide,  the  nickel  will  be  oxidised,  and,  in  the  presence  of  silica, 
will  form  a  slag.  Nickel  cannot,  therefore,  be  reduced  from  it^ 
sulphide  by  the  use  of  a  blast,  in  the  same  way  as  copper  is  separateii 
by  "  Bessemerizing  "  copper  matte. 

The  compound  present  in  nickel-matte  is  always  NiS.  Nickelous 
sulphide,  NigS,  does  not  exist  therein ;  if  the  sulphur  in  a  sample  of 
nickel-matte  is  not  sufficient  for  the  formation  of  monosulphide,  the 
excess  of  nickel  will  be  in  the  metallic  st^te.  Molten  nickel  sulphide 
has  the  power  of  dissolving  metallic  nickel,  which  separates  im 
cooling. 

Nickel  sulphide  does  not  react  with  the  oxides  of  iron. 

According  to  Schweder^  the  sulphide  and  cupric  oxide  react  ».< 
shown  by  the  following  equations  : — 

4CuO  -f  4NiS  =  2CU2S  -f  (NiS  +  Ni)  +  2NiO  -f  SO^. 

4CuO  +  2NiS  =  Cu^S  +  2Cu  +  2NiO  +  SO2. 

4CuO + (2NiS  +  2Ni)  =  Cu^S  +  2CuNi  +  2NiO  +  SO^. 

Nickel  sulphide  at  a  red  heat  is  slowly  and  incompletely  oxidise«i 
by  steam. 

Carbon  and  hydrogen  decompose  the  heated  sulphide  very  shmlv 
forming  carbon  bisulphide  and  sulphuretted  hydrogen  respectively 
Carbon  monoxide  has  no  appreciable  effect. 

1  Berg-  und  Hiitttnm,  Zty.,  1878,  p.  377  ;  1879,  p.  17. 
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When  the  sulphide  is  melted  with  an  acid  iron  silicate,  a  very 
small  quantity  of  nickel  passes  into  the  slag.^ 

If  cobalt  sulphide  is  present  a  considerably  greater  quantity 
thereof  passes  into  the  slag. 

If  compounds  or  mixtures  of  iron,  copper  and  nickel  sulphides 
are  melted  with  sodium  sulphate  and  carbon,  or  with  sodium  sul- 
phide, the  iron  and  copper  sulphides  make,  with  the  sodium  sulphide, 
a  matte  in  which  there  is  only  a  small  proportion  of  nickel  sulphide ; 
by  far  the  greater  portion  of  this  last  passes  into  a  nickel  matte  with 
only  a  small  quantity  of  the  other  two  sulphides.  The  former  matte 
is  more  easily  fusible,  and  less  dense  than  the  nickel  matte,  and  col- 
lects above  it,  so  that  the  two  kinds  can  be  easily  separated.  Repeat- 
ing the  treatment  in  the  same  way  on  this  nickel  matte,  iron  and 
copjjer  can  be  almost  completely  removed,  and  finally  nickel  sulphide 
obtained  alone. 

If  any  mixture  of  the  three  sulphides  is  roasted  with  common 
salt,  the  copper  is  converted  into  chloride,  and  the  iron  and  nickel 
are  oxidised.  The  chloride  can  be  removed  from  the  mixture  of 
oxides  by  lixiviation,  cupric  chloride  by  water,  cuprous  chloride  by 
alkaline  chlorides,  or  weak  hydrochloric  acid. 

Nickel  and  Arsenic 

Nickel  has  a  great  affinity  for  arsenic,  and  combines  with  it  in 
\'ery  varying  proportions.  The  compounds  are  known  as  nickel 
.s])eiss. 

If  nickel  arsenide  is  roasted,  the  arsenic  forms  arsenious  oxide, 
the  nickel  sesquioxide.  Part  of  the  arsenious  oxide  escapes  un- 
altered, part  is  further  oxidised  to  arsenic  oxide  (AsgO^)  and  this 
combines  with  nickelous  oxide  to  form  an  arseniate.  Nickel 
arseniate  is  not  decomposed  when  heated  alone,  so  the  result  of  the 
roasting  is  basic  nickel  arseniate. 

This  arseniate  is  reduced  by  carbon  to  a  nickel  arsenide  which 
contains  less  arsenic  than  the  one  originally  roasted.  Such  a  re- 
duction takes  place,  to  a  certain  extent,  during  the  oxidising  roast- 
ing, by  mixing  the  charge  with  powdered  coal  or  carbonaceous 
substances  (sawdust  or  pine-needles).  By  repeating  the  roasting  a 
further  proportion  of  arsenic  is  expelled,  and  by  melting  the  product 
in  a  reducing  flame  a  nickel  arsenide  containing  less  arsenic  is  again 
obtained.     By  a  repetition  of  roasting  and  smelting  under  proper 

•  Badoureau,   Ann.   deji  Mines,  1877,  p.  237;  Berg-  uiid  Huttenm.  Ztg.,  1878, 
pp.  185,  205,  228,  244-259. 
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conditions  it  is  possible  to  reduce  the  arsenic  in  nickel  to  a  vcn 
small  proportion.  The  last  portions  may  be  removed  by  melting  th» 
compound  with  saltpetre  and  soda.  The  arsenic  is  thereby  convort^Mi 
into  sodium  arseniate,  which  can  be  separated  from  the  nickri 
monoxide  by  lixiviation. 

Nickel  speiss  frequently  contains  iron,  cobalt  and  copper.  When 
this  is  roasted,  a  mixture  of  oxides,  arseniates  and  undecompo?*-*! 
arsenides  of  these  metals  is  obtained. 

By  stirring  carbonaceous  matter  into  the  charge,  iron  arseniate  i> 
chiefly  converted  into  ferric  oxide,  while  the  arsenic  oxide  is  con verti**! 
into  arsenious  oxide  and  arsenic  suboxide,  with  the  formation  of 
carbon  dioxide. 

If  sulphides  are  mixed  or  combined  with  these  arsenides,  sul- 
phates are  formed  by  roasting. 

In  addition  to  sulphates  so  formed,  the  arsenides  themselves  niav 
be  converted  into  sulphates  by  the  vapours  of  sulphuric  acid  formc<l 
in  the  roasting. 

Of  the  three  metals,  nickel,  cobalt  and  iron,  nickel  has  thegreate^T 
affinity  for  arsenic,  then  cobalt,  lastly  iron. 

If  a  mixture  of  oxides,  arsenides  and  arseniates  of  iron  and  nieke! 
which  contains  sufficient  arsenic  to  form  Ni^As  with  the  nickel  pre- 
sent, is  heated  with  carbon  and  silica,  the  whole  of  the  nickel  will  bt* 
converted  into  arsenide,  and  the  iron  into  ferrous  silicate.  More  than 
that  proportion  of  arsenic  will  cause  the  formation  of  a  nickel  spis- 
containing  iron  arsenide. 

Similarly  if  mixtures  of  oxides,  arsenides  and  arseniates  of  nicktl. 
cobalt  and  iron,  which  contain  sufficient  arsenic  to  form  Ni^As  and 
CogAs,  are  heated  with  carbon  and  silica,  the  nickel  and  cobalt  will 
form  arsenides  and  the  iron  will  be  slagged  as  ferrous  silicate.  If  lt'S> 
than  that  amount  of  arsenic  is  present,  some  cobalt  passes  into  th« 
slag  and  carries  with  it  a  minute  quantity  of  nickel,  while  more  than 
that  quantity  of  arsenic  leads  to  the  formation  of  cobalt-nickol  spoiss 
which  contains  iron  arsenide. 

Copper,  in  presence  of  carbon  and  silica,  will,  if  sufficient  an^^nii 
be  present,  pass  into  the  speiss  more  readily  than  iron  ;  if  the  arseuio 
is  not  sufficient  for  this,  the  copper  is  either  separated  in  the  metiillic 
state  or  passes  into  the  slag  as  cuprous  silicate. 

If  sulphur  is  present  as  well  as  copper  in  the  mixture  of  oxidt^ 
arsenides  and  arseniates,  the  copper  combines  with  the  sulphur  evtn 
when  there  is  quite  enough  arsenic  for  its  arsenide  to  be  formed.  It 
copper  and  sulphur  are  present  in  considerable  proportions  the  <isi- 
phur  compound  forms  a  separate  matte. 
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If  nickelous  and  cobaltous  oxides  and  cupric  oxide  are  fused 
with  silica  and  iron  arsenide  containing  sufficient  arsenic,  a  nickel- 
cobalt-copper  speiss  is  produced,  while  the  iron  forms  a  ferrous 
silicate. 

According  to  Badoureau,^  when  nickelous  and  cobaltous  oxides 
are  fused  with  arsenic  or  arsenical  pyrites,  almost  the  whole  of  the 
nickel  and  only  part  of  the  cobalt  pass  into  the  speiss. 

If  a  nickel-iron  speiss  is  fused,  and  air  passed  over  it,  the  iron 
is  oxidised  first  and  converted  into  slag  by  the  addition  of  silica. 
The  nickel  is  oxidised  only  after  the  removal  of  the  iron.  The 
process  can  be  so  conducted  that  only  the  iron  is  removed,  the  nickel 
being  left  as  arsenide.  If  cobalt  is  present  in  this  speiss,  it  is 
oxidised  and  passes  into  slag  after  iron,  but  before  nickel.  The 
appearance  of  cobalt  in  the  slag  is  detected  by  its  blue  colour. 
Therefore  if  it  is  desired  to  keep  the  cobalt  in  the  speiss,  the 
process  of  oxidation  must  be  stopped  as  soon  as  the  blue  colour 
appears  in  the  slag.  As  a  certain  quantity  of  nickel  goes  with  the 
cobalt,  the  blue  coloration  shows  also  the  presence  of  some  nickel  in 
the  slag. 

If  heavy 'spar,  instead  of  quartz,  is  added  during  this  fusion,  the 
inm  may  be  completely  separated,  for  heavy  spar  and  iron  arsenide 
react,  forming  iron  arseniate  and  barium  sulphide,  both  of  which  are 
taken  into  the  slag.  Any  copper  present  is  converted  into  sulphide 
by  the  barium  sulphide,  and  separates  as  a  matte  if  in  considerable 
quantity. 

Nickel  Sulphate 

Nickel  sulphate  (NiSO^+THgO)  is  soluble  in  water.  At  a  high 
temperature  it  is  decomposed  into  nickel  monoxide  and  sulphur 
trioxide,  or,  rather,  sulphur  dioxide  and  oxygen.  It  is  more  stable 
when  heated  than  the  sulphates  of  iron  and  copper.  A  mixture  of  all 
three  sulphates  can  be  heated  so  that  the  iron  and  copper  compounds 
are  broken  up  into  the  oxides,  sulphur  dioxide  and  oxygen,  while 
nickel  sulphate  is  almost  all  undecomposed,  and  can  be  separated 
from  the  mixed  oxides  by  lixiviation  with  water,  or,  if  it  is  the 
l)asic  sulphate,  with  dilute  acid. 

If  it  is  heated  to  redness  with  carbon,  it  is  reduced  to  nickel 
sulphide,  with  the  formation  of  carbon  dioxide,  but  a  portion  of  the 
sulphate  is  always  reduced  to  metallic  nickel,  with  the  formation 
of  carbon  dioxide  find  sulphur  dioxide;  thjs  nickel  is  r(»tj\inod  in 
the  sulphide. 

*    Lor.  rit. 
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Carbon  monoxide  and  hydrogen  also  reduce  the  sulphate  to 
sulphide  at  a  red  heat. 

From  a  solution  of  nickel  sulphate,  nickel  is  precipitated  as 
sulphide  by  alkaline  sulphides ;  as  nickelous  hydrate  by  potash,  soda 
milk  of  lime  or  milk  of  magnesia ;  and  by  sodium  carbonate  as  basic 
carbonate. 

It  may  be  electrolysed,  nickel  appearing  at  the  cathode,  the  acid 
radicle  at  the  anode.  The  double  sulphate  with  ammonium. 
Ni(NHj2(S04)2,  is  used  for  nickel  plating. 

Chloride  of  Nickel 

Nickel  chloride  is  soluble  in  water.  Its  reactions  are  similar  t«> 
those  of  the  sulphate.  The  solution,  when  electrolysed,  gives  nickel 
at  the  cathode,  chlorine  at  the  anode. 

Silicates  of  Nickel 

Nickel  silicates,  when  reduced  by  carbon,  yield  metallic  nickel,  if 
suitable  bases  are  present  to  form  a  slag  with  the  silicic  acid.  Nickel, 
like  iron,  dissolves  carbon  and  silicon,  and  therefore,  if  a  nickel  silicate 
containing  iron  is  smelted  with  carbon  and  fluxes,  we  have,  by  reduc- 
tion of  some  of  the  iron,  an  iron-nickel  alloy  containing  both  carbon 
and  silicon. 

When  the  silicate  is  smelted  with  iron  pyrites,  with  copper 
pyrites,  or  with  sulphides  of  the  alkalies  and  alkaline  earths,  nickel 
is  reduced,  and  forms  a  matte  or  mixture  of  matte  and  metal. 

If  it  is  smelted  with  arsenic  or  arsenical  pyrites,  it  is  ven* 
incompletely  converted  into  nickel  speiss. 

The  mineral  garnierite,  a  nickel- magnesium  silicate,  is  soluble  in 
sulphuric  and  hydrochloric  acids. 

Nickel  Carbonyl,  Ni(C0)4 

This  compound  is  formed  if  carbon  monoxide  is  passed  over  nicktl. 
It  is  prepared,  according  to  Mittash,^  when  pure  carbon  monoxi<K' 
acts  upon  nickel  at  the  ordinary  temperature,  the  reaction  proceed- 
ing best  at  30°  C.  It  is  a  liquid  of  specific  gravity  1'3  at  17"*  C> 
which  freezes  at  -  25°  C,  and  boils  at  43°  C.  (Mond),  or  46'  C 
(Berthelot).  Even  at  36°  C.  it  commences  to  decompose  into  nickel 
?ind  carbon  n)onoxide,  the  decomposition  being  complete  at  180°  C 
^  Ann.  der  Physik,,  1902,  vol.  vii.,  No.  i. 
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(Mond  and  Niisini).  It  is  insoluble  in  water,  easily  soluble  in  alcohol, 
chlorofonn,  hydrocarbons  and  ammoniacal  copper  solutions  ;  it  bums 
with  a  clear  flame,  and  is  very  poisonous.  Mond's  process  for  the 
extraction  of  nickel  depends  upon  the  formation  and  decomposition 
of  this  carbonyl  compound. 

Alloys  of  Nickel 

Nickel  alloys  with  many  metals,  and  it  is  principally  used  in  the 
form  of  alloys,  especially  those  with  copper  and  zinc,  known  by 
various  trade  names,  such  as  German  silver,  argentan,  white  metal, 
queen's  metal,  &c. ;  and  the  iron-nickel  alloys  ferro-nickel  and  nickel- 
steel.  Silvered  argentan  is  known  as  china-silver,  packfong  and 
Christofles  metal.  Other  alloys  of  importance  are  those  with 
aluminium,  chromium  and  tungsten. 

German  silver  usually  contains  5  parts  copper,  2  of  nickel  and  2 
of  zinc.  Nickel  alloys  are  employed  for  the  subsidiary  coinages 
of  several  countries ;  for  instance,  the  coinages  of  Gennany,  the 
United  States  (since  1866),  Belgium  (since  1860),  Brazil  (since 
1872),  Venezuela  (1877),  are  all  75  per  cent,  copper,  with  25  per 
cent,  nickel  In  Chili  the  composition  of  the  cpins  used  since  1873 
is  70  per  cent.  Cu,  20  per  cent.  Ni,  10  per  cent.  Zn. 

At  the  present  time  a  large  quantity  of  nickel  is  used  in  pro- 
ducing "ferro-nickel,**  of  which  armour-plates,  guns  and  other 
weapons  are  manufactured.  It  has  been  discovered  recently  that 
certain  quantities  of  nickel  added  to  iron  materially  increase  its 
elasticity  and  tenacity. 

Iron  containing  0*3  to  0*5  per  cent,  of  carbon  and  3  per  cent,  of 
nickel  has  the  highest  elasticity;  with  60  per  cent,  of  nickel  the 
highest  tenacity,  but  when  the  nickel  content  is  30  per  cent,  the 
metal  breaks  under  the  hammer.  The  toughness  diminishes  with 
increase  of  nickel  up  to  16  percent.,  when  it  is  zero;  it  increases 
from  that  point  up  to  60  per  cent,  of  nickel,  when  it  is  at  a  maximum, 
and  then  falls  off  with  increasing  percentage  of  nickel. 

Addition  of  2  to  5  per  cent,  of  nickel  to  iron  containing  03  to 
O'o  per  cent,  of  carbon  increases  the  tenacity  of  the  metal  without 
lessening  its  toughness.  This  alloy  is  known  as  nickel-steel,  and  is 
used  for  the  manufttcture  of  armour  plates  (3  to  4*5  per  cent,  of 
nickel),  turrets,  gun  shields,  shafts  and  axles  (2  to  2'5  per  cent.), 
piston  rods,  crank  shafts,  boiler  tubes,  wire  for  electrical  pur- 
poses, weapons  &c.  Ferro-nickel  containing  25,  35,  50  and  75  per 
cent,  of  nickel,  1  per  cent,  of  carbon,  0*3  of  silica,  0*02  of  sulphur, 
and   003  of  phosphorus,  is  prepared  in   large  quantity  for  use  in 
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steel  manufacture.  Chrom-nickel  containing  about  73  per  cent  uf 
chromium,  23  of  nickel,  2*5  of  iron,  1  of  carbon  and  0*5  of  silicon 
or  sulphur,  and  tungsten-nickel  of  similar  composition,  are  used  aln- 
in  steel  manufacture. 

In  making  ferro-nickel  the  nickel  is  added  to  the  chai^  of  iron 
in  the  Martin  proceas,  and  may  be  used  in  the  form  of  metallic  nickel 
or  monoxide.  When  small  quantities  of  the  oxide  are  used  it  i> 
reduced  by  the  carbon  in  the  iron,  but  if  large  quantities  are  used, 
coal  must  be  added  for  reduction. 

It  appears  that  the  Carnegie  Co.  at  Homestead  ^  have  bought 
a  patent  of  their  engineer  s,  according  to  which  nickel  monoxidi- 
with  more  or  less  iron,  is  made  into  bricks  with  coal,  or  organic 
agglomerants,  and  charged  into  a  Martin  furnace. 

By  Harvey*s  method,  used  in  the  United  States,  plates  of  nickei- 
iron  are  converted  by  cementing  into  steel  plates  on  one  side  only, 
after  which  they  correspond  in  hardness  and  temper  to  iron  and 
steel  compound  plates.  The  plates  treated  in  this  way  resemble  ir^n 
on  one  side,  and  steel  on  the  other,  and  for  this  reason  proved  :* 
possess  valuable  qualities. 

The  limited  output  of  nickel  (6,000  to  7,000  tons  a  year)  stand-, 
in  the  way  of  its  more  extended  application. 

Nickel,  when  alloyed  with  metals  more  oxidisable  than  itself  (ey. 
copper),  can  be  separated  by  an  oxidising  fusion. 

Ores  of  Nickel 

Nickel  occurs  only  in  combination.  In  compounds  it  may  be  thf 
chief  element,  or  in  small  proportion  to  the  other  metals  present. 

In  the  extraction  of  the  metal,  not  only  nickel  ores  proper  an 
important,  but  also  those  minerals  which  contain  nickel  in  small  pro- 
portion as  a  secondary  element,  or  contain  it,  combined  with  c»th  ■' 
elements,  as  an  impurity. 

The  greatest  quantity  of  nickel  is  obtained  at  present  from  il^ 
silicate  garnierite,  or  from  magnetic  pyrites  containing  nickel. 

We  may  quote  the  following  as  true  nickel  ores  : — 

Xupfei^ickel  or  arsenical  nickel,  NiAs,  containing  43*5  per  cent.Ni 
The  nickel  in  this  ore  is  often  replaced  by  cobalt  and  iron  in  ^\mv 
proportion  ;  the  arsenic  may  be  replaced  by  antimony  up  to  28  f-'r 
cent.,  and  in  small  proportion  by  sulphur.  It  has  been  found,  or  i* 
still  got,  in  Germany  (Riechelsdorf,  Olpe,  Sangerhausen,  Kamsdi-r 

*  V.    Ehreuwerth,   Dafi,   Berg-   nnd    Ilfiften-weaen  auf  dtr    WtUana^tUMHt 
Chicayo.     Vienna,  1893. 
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Schneeberg,  Aniiaberg  Harzgerode,  Wittichen) ;  in  Austria  (Schlad- 
ming,  Leogang,  Dobschau) ;  in  France  (AUcmont  in  Dauphine,  Balcii 
in  Basses-Pyrenees);  in  England  (Pengclly,  Fowey,  St.  Austell  in 
Cornwall) ;  and  in  Scotland  (Bathgate). 

White  nickel-ore^  or  chloanthitey  NiAs^,  is  composed  of  28*2  per 
cent,  nickel  and  71*8  per  cent,  arsenic.  Frequently  a  small  proportion 
of  the  nickel  is  replaced  by  cobalt  and  iron.  This  mineral  is  found 
in  the  same  places  as  the  other  ai-senide. 

Br&Uhauptite,  or  nickel  antimonide  (NiSb),  with  31 '5  per  cent.  Ni 
(St.  Andreasberg  in  the  Harz)  ;  ullmannite  or  nickel  antimony  glance 
(NiSbg+NiAsg)  with  261  per  cent.  Ni  (at  Siegen) ;  gersdorffite 
nickel  glance,  or  nickel  arsenic  glance  (NiAsg  +  NiSg),  with  an  average 
percentage  of  35  Ni  (Siegen,  Schladming,  Harzgerode,  Helsingland) ; 
anndbergite,  nickel  ochre  or  nickel  bloom  (Ni3As208  +  8H20)  with  295 
per  cent.  Ni  (occurring  in  the  upper  seams  of  nickel-ore  deposits)  ; 
moresonite  or  nickel  vitriol  (NiSO^-f  7H2O)  (occurring  similarly).  All 
these  ores  occur  in  such  small  quantities  that  they  can  never  be 
singly  worked  for  nickel. 

Millerite,  or  hair  pyrites ,  nickel  pyrites,  NiS,  with  64*5  per  cent.  Ni 
is  occasionally  found  pure  in  large,  independent  masses,  more  often 
combined  intimately  with  iron  and  copper  pyrites.  (At  Nanzenbach 
near  Dillenburg,  Gap  Mine  in  Pennsylvania,  Sudbury  in  Canada, 
Arkansas.)  This  mixture  of  all  three  pyrites  forms  a  valuable  source 
of  metallic  nickel. 

Iron  and  nickel  pyrites,  or  necopyiites  (2FeS  +  NiS),  with  18  to 
21  per  cent.  Ni,  is  found  at  Lillehammer  in  Southern  Norway. 

Oamierite  is  a  nickel  magnesium  silicate,  containing  water  of 
crystallisation,  discovered  in  1863  by  Gamier  in  the  island  of  New 
Caledonia.  It  fills  up  clefts  and  fissures  in  a  serpentine,  formed  by 
the  metamorphosis  of  enstatite,  a  magnesium  silicate,  and  is  accom- 
panied by  several  such  silicates,  by  chrysoproM,  and  by  magnetitey 
chromite,  and  other  minerals.  Its  extensive  occuiTcnce  in  this  locality 
has  caused  it  to  become  the  chief  source  of  metallic  nickel,  after  the 
nickel-holding  pyrites  (magnetic  and  copper)  of  Sudbury  in  Ontario. 
The  usual  composition  of  gamieHte  is — 
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The  average  percentage  of  nickel  in  the  ores  may  be  taken  a^s  10. 
The  quantity  of  iron  contained,  which  is  only  mechanically  mingled, 
often  exceeds  the  nickel.  In  the  pure  state,  garnierite  is  either 
green  or  chocolate  in  colour ;  the  green  contains  45  to  48  per  cent, 
of  nickel  monoxide,  the  brown  variety  43  to  46  per  cent.  The 
darker  the  shade  of  green  or  brown  the  greater  is  the  quantity  of 
nickel  in  the  mineral.  The  brown  ore  is  even  in  greater  quantities 
than  the  green  ore.  The  mineral  contains  a  small  quantity  of  cobalt, 
though  the  quantity  of  this  seldom  exceeds  0*6  per  cent.^  The  com- 
position of  garnierite  varies  according  to  the  particular  magnesium 
silicate  which  forms  its  basis.  By  the  analyses  of  Gamier  and 
Thiollier  the  composition  (NiMg)Si03+nH20  has  been  assigned  to 
it.     T.  Moore  gives  the  formula  7NiO,6Si02+H20. 

A  nickel-magnesium  silicate  similar  to  this,  containing  8*96  per 
cent.  Ni  in  the  impure  condition,  was  discovered  by  Meissonier  in  187() 
in  the  province  of  Malaga  in  Spain.  This  occurrence  is  unimportant. 
Very  recently,  also,  near  Riddle  Station  in  Oregon,  a  nickel-magnesium 
silicate  has  been  found  with  an  average  of  5  per  cent,  of  nickel. 

Amongst  nickel  compounds  of  similar  composition  we  have  ab- 
rcwdanskite  at  Rewdansk  near  Ekaterinenburg  in  Ural,  genthiU. 
occurring  in  Texas  and  Pennsylvania,  and  pimdite  at  Reichenstein 
in  Silesia.  These  minerals  are  all  found  in  such  small  quantitie.-s 
that  they  cannot  form  the  foundation  for  a  special  extraction  of 
nickel. 

Nickel  occurs  with  Serpentine  in  Silesia,  north  of  Frankenstein 
(at  Kosemiitz,  Zusendorf  and  Qlasendorf). 

The  composition  is  on  the  average : — 

SiOg        60—65  per  cent.         FePg  and  AlgOj,         6 — 8. 
MgO        8-5—12  Ni  2-3— 3-5- 

Loss  on  ignition,  8 — 15  per  cent. 

In  places  the  ore  is  talcose  in  character  and  contains  4  to  18  pt^r 
cent,  of  nickel.     Nickel  is  extracted  from  these  ores. 

Among  ores  in  which  nickel  is  not  the  chief  element  we  not< 
especially  certain  pyrites,  the  chief  being  magnetic  and  coppr 
pyrites.     Many  varieties  of  arsenical  pyrites  also  contain  nickel. 

Iron  and  copper  pyrites,  as  above,  are  found  in  the  neighbourho^Kl- 
of  Nanzenbach  (before  mentioned),  Gladenb€u;h,  and  St.  Blasien  ani 
Totmoos  in  the  Black  Forest.  The  Nanzenbach  ore  has  an  averact 
of  5  per  cent.  Ni  and  5  per  cent.  Cu ;  St.  Blasien  ore  2  to  2*5  pt : 

»  The  Min.  I  mi,,  1902,  p.  488. 
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cent.  Ni  and  0*75  per  cent.  Cu.  Magnetic  pyrites  containing  nickel 
is  found  at  Sohland  in  Lausitz,  Saxony;  in  Sweden  (Klefva  and 
Smaland,  Hudigswall,  the  neighbourhoods  of  Qefle,  of  Fahlun,  and  of 
Sagmyma)  ;  in  Norway  (Langesund  Fjord,  Ringerick  nickel-mine 
near  Nakkerud,  Krageroe,  Moss,  Snarum,  Christiansand) ;  in  Pied- 
mont (Varallo),  Pennsylvania  (Lancaster  Gap  Mine),  Massachusetts 
(Dracut),  Oregon,  and  largely  developed  in  Sudbury  (Canada).  The 
proportion  of  nickel  is,  at  Sohland  4  to  5  per  cent,  (along  with  2  per 
cent,  of  copper),  at  Klefva  1*5  per  cent.,  at  Sagmyma  0*6  to  0'8  per 
cent.,  Krageroe  175  per  cent.,  Varallo  120  to  1'44  per  cent..  Gap 
Mine  in  Pennsylvania  1*75  per  cent,  (with  1  per  cent.  Cu  and  01 
per  cent.  Co).  The  copper  pyrites  at  the  Ringerick  Mine  in  Norway 
contains  33*24  per  cent.  Cu,  0*42  to  1*75  per  cent.  Ni,  and  0*01  per 
cent:  Co.  The  magnetic  pyrites  {pyrrhotite)  at  Sudbury  is  found  in 
large  lenticular  accretions  in  diorite  dykes  in  the  Laurentian  and 
Huronian  formations;  it  contains  15  to  9  per  cent.  Ni  and  is  mixed 
with  copper  pyrites.  The  average  amount  of  nickel  is  3  per  cent, 
md  something  over  3  per  cent,  is  copper.  As  the  depth  of  the  deposit 
increases  the  percentage  of  nickel  seems  to  increase,  that  of  copper 
to  decrease.  For  example  in  the  upper  levels  of  the  Copper  CliflF 
Mine  the  quantity  of  copper  is  4  per  cent.,  of  nickel  4*6  per  cent. ; 
ivhile  at  the  deepest  present  level  the  quantity  of  copper  has 
)unk  to  0*5  per  cent.,  and  that  of  nickel  has  risen  to  8  or  10 
)er  cent. 

The  Sudbury  ore  is  at  the  present  time  one  of  the  principal 
iources  of  nickel. 

The  arsenical  pyrites  containing  nickel  at  Dobschau  in  Hungary 
lontains  from  0'25  to  17  per  cent.  Ni;  similar  ore  at  Schladming 
n  Styria  contains  11  per  cent.  Ni  and  1  per  cent.  Cu. 

By  far  the  largest  amount  of  nickel  is  got  at  present  from  the 
[amierite  ores  of  New  Caledonia,  and  the  magnetic  pyrites  of 
ludbury  in  Canada. 


Metallurgical  Products  used  as  a  Source  of  the  Metal 

When  ores  of  lead,  copper,  cobalt  or  silver  are  smelted,  any  nickel 
hich  they  contain  collects  in  the  speiss.  Should  the  ore  be  free 
om  arsenic,  so  that  a  speiss  is  not  formed,  the  nickel  will  be  found 
I  the  various  intermediate  products : — matte,  blister-copper,  tough 
itch  copper  or  lyes ;  or  in  final  products  Hke  slags  or  bears ;  from 
1  of  these  it  can  be  extracted. 
vr)L.  n  t  t 
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The  Extraction  of  Nickel 
This  may  be  done  : — 

L  By  the  dry  method. 
IL  By  the  wet  method, 
in.  Electro-metal  lurgically. 

The  dry  method  should  be  used  for  ores  and  metallurgical  products 
containing  a  large  or  a  medium  quantity  of  nickel,  if  it  is  possible 
to  get  a  pure  metal  (or  oxide)  out  of  such  ores,  without  the  help  of 
a  wet  method.  It  is  also  satisfactory  when  the  purity  of  the  product 
is  not  essential. 

With  poor  ores  the  dry  method  can  be  used,  if  the  nickel  c;ui 
be  concentrated  without  great  cost  in  an  intermediate  product  (a 
matte  or  speiss),  and  if  from  this  latter  nickel  or  nickel  oxide  can 
be  got  pure  without  recourse  to  a  wet  method,  or,  again,  if  a  pure 
metal  is  not  the  object. 

Wet  methods  are  used  for  ores  which  are  poor  in  nickel,  and  for 
which  concentration  of  the  nickel  in  a  matte  or  speiss  would  bt^ 
economically  impracticable. 

Wet  methods  are  also  used  for  intermediate  products,  when  it 
is  desired  to  produce  from  sources  of  nickel  in  which  copper  is  an 
impurity,  a  nickel  oxide  or  metallic  nickel  which  shall  be  free  from 
copper ;  they  are  also  employed  when  the  desired  products  are  mon^ 
profitably  obtained  by  these  methods :  such  are  the  metal,  allo}~s  or 
salts. 

Electrolytic  methods  are  not  applicable  to  ores,  and  have  only 
recently  been  applied  satisfactorily  to  alloys,  with  the  object  ot" 
preparing  nickel  free  from  copper,  and  salts  of  nickel  from  mebil- 
lurgical  products  containing  both  copper  and  nickel. 

Metallic  nickel  may  contain  many  impurities,  such  as  the  oxide, 
and  mechanically  enclosed  gases,  which  would  restrict  its  application 
in  the  arts.  In  such  cases  a  purification  by  some  special  refining 
process  is  necessary,  and  dry  methods  are  generally  used  for  this 
purpose.  Most  nickel  smelters  are  in  the  habit  of  producing  only  a 
speiss  or  matte,  which  is  further  treated  for  the  extraction  an^l 
purification  of  the  nickel  by  the  manufacturers,  who  keep  their 
processes  secret. 

Nickel  monoxide  has  been  manufactured  in  large  quantities  for 
the  production  of  ferro-nickel :  it  is  added,  either  alone  or  with  a 
reducing  agent,  to  charges  of  iron  or  steel.  If  it  is  used  in  sinaP 
quantities  with  cast  iron,  there  is  usually  suflScient  carbon  present  m 
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the  latter  to  act  as  a  reducing  agent.     Nickel  oxide  is  also  used  in 
the  manufacture  of  pigments. 


I.  Extraction  of  Nickel  in  the  Dry  Way 

A.   EXTRACTION   FROM   ORES 

The  most  important  ores  at  present  are  the  sulphur  compounds 
and  the  silicates,  the  arsenic  compounds  taking  thfe  second  place. 
Silicates  are  smelted  with  sulphuretted  additions  so  as  to  produce 
mattes,  which  are  treated  like  the  mattes  produced  from  sulphuretted 
ores. 


I.   EXTRACTION   OF   NICKEL  FROM   SULPHUR  COMPOUNDS 

The  compounds  to  be  considered  are  magnetic  and  other  pyrites 
containing  nickel,  frequently  mixed  with  copper  pyrites.  They  may 
be  classified  generally  as  compounds  in  which  sulphur  and  iron  are 
the  chief  elements,  with,  in  addition,  a  small  proportion  of  nickel 
and  copper.  The  proportion  of  nickel  varies  between  1  per  cent, 
and  5  per  cent.  Pure  nickel  sulphide,  hair  pyrites  or  millerite,  does 
not  occur  in  such  quantities  that  it  can  be  treated  alone  for  nickel, 
but  it  occurs  often  in  the  above  ores,  and  so  finds  its  way  into  the 
smelting  processes. 

In  smelting  these  ores  in  the  dry  way,  after  getting  rid  of  gangue 
we  are  chiefly  concerned  with  the  separation  of  the  nickel  from  sulphur 
and  from  iron,  and  in  most  cases  also  from  copper.  If  no  copper  is 
present,  the  process  becomes  so  much  the  simpler. 

With  ores  free  from  copper  and  with  mattes  the  extraction 
depends  principally  on  the  fact  that  iron  has  a  greater  aflSnity  for 
oxygen  than  either  nickel  or  sulphur  has.  Thus  it  is  possible  to 
remove  iron  from  these  ores  as  oxide,  and  slag  it,  the  nickel  being 
separated  chiefly  as  sulphide.  Then  at  a  higher  temperature  atmos- 
)heric  oxygen  will  convert  this  sulphide  into  monoxide,  which  must 
)e  reduced  by  carbon. 

The  formation  of  the  sulphide  is  effected  by  roasting  and  smelting 
►pemtions,  the  conversion  to  oxide  by  roasting,  and  reduction  of  the 
»xide  by  ignition  with  a  reducing  agent  or  smelting. 

Owing  to  the  small  proportion  of  nickel  in  most  ores  (1  to  5  per 
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cent.)  it  is  not  possible  to  obtain  the  sulphide  from  them  by  a  siiiglu 
smelting  and  roasting.  It  is  most  usual  to  adopt  a  procedure  similar 
to  that  employed  for  the  separation  of  copper  from  sulphide  ores 
containing  iron,  and  thus  to  produce,  by  roasting  and  subsequent 
reduction,  a  nickel-iron  matte.  This  matte,  containing  iron  but  with 
an  increased  proportion  of  nickel,  is  converted  by  fusion  in  an 
oxidising  atmosphere  into  a  matte  free  from  iron.  But  if  this  first 
matte  is  still  poor  in  nickel,  further  concentration  by  the  sam*- 
methods  takes  place  before  the  final  treatment. 

The  matte  obtained  fr^e  from  iron  is  subjected  to  dead 
roasting,  often  in  two  operations,  and  becomes  nickelous  oxide, 
which,  as  afready  said,  is  reduced  to  nickel  by  fusion  with  a  reducmg 
agent. 

The  first  operation  to  which  the  ores  are  subjected,  the  roasting, 
converts  all  the  metallic  sulphides  into  a  mixture  of  oxides,  sulphaU^ 
and  undecomposed  sulphides. 

In  the  next  process,  the  smelting  of  the  roasted  product  in  a 
shaft-furnace  with  carbon  and  siliceous  matter,  nearly  all  the  iron 
passes  into  the  slag,  while  any  small  proportion  of  iron  sulphide  still 
remaining  undecomposed  by  both  processes  forms  a  matte  containing 
all  the  nickel  sulphide. 

It  is  necessary  to  retain  considerably  more  sulphur  than  i^ 
required  to  combine  with  nickel  in  the  roasted  product,  because 
none  of  the  small  proportional  amount  of  nickel  present  can  bt 
allowed  to  pass  into  the  slag.  Consequently  the  matte  will  contain 
a  large  quantity  of  iron  sulphide.  From  this  matte,  known  as  raw 
nickel  matte,  the  iron  is  separated,  with  the  corresponding  amount 
of  sulphur,  by  an  oxidising  fusion  in  hearths,  reverberatory  furnaces 
or  converters.  If  it  is  poor  in  nickel  and  rich  in  iron,  it  is  better 
first  to  concentrate  the  nickel  by  another  roasting  followed  by  a 
reduction  with  carbon  and  silica  as  above,  in  a  shaft  furnace,  or  in  a 
reverberatory  furnace  without  reducing  agent.  The  chemical  changvs 
with  nickel  coarae  matte  are  just  the  same  as  with  the  ore  direct. 
except  that  there  is  no  longer  any  gangiie  to  form  slag. 

When  the  roasted  ore  is  smelted  in  a  reverberatory  furnace  ihf 
ferric  oxide  present  is  reduced  by  the  sulphur  of  the  iron  sulphide  to 
ferrous  oxide,  in  the  presence  of  the  silica,  and  sulphur  dioxide  passo> 
off.     The  equation  is  as  follows : — 

FeS-|-3Fej03+icSi02  =  7FeO,«SiOj-|-SOy 

Meanwhile  the  nickel  monoxide  present  reacts  with  an  equi\'alent 
quantity  of  ferrous  sulphide  to  form  nickel  sulphide   and    fem»j- 
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oxide,  which  latter  forms  slag.  The  product,  then,  of  this  smelting 
in  a  reverberatory  furnace  is  nickel  sulphide  with  a  greater  or  less 
quantity  of  iron  sulphide,  according  to  the  amount  in  the  raw  matte, 
and  ferrous  silicate. 

If  the  matte  or  the  concentrated  matte,  in  the  unroasted  condi- 
tion, is  subjected  to  an  oxidising  fusion  in  a  reverberatory  furnace 
with  silica,  the  iron  will  pass  into  the  slag  as  ferrous  oxide,  while 
nickel  sulphide  is  unchanged.  Some  nickel  oxide  reacts  with  ferrous 
sulphide  and,  as  before,  the  results  are  nickel  sulphide  with  more  or 
less  iron    ulphide,  and  ferrous  silicate. 

In  this  process  also  an  admixture  of  heavy  spar  and  coal,  or  of 
Glauber  salt  and  coal,  works  satisfactorily,  as  the  coal  causes  barium 
or  sodium  sulphide  to  be  formed,  and  this  converts  oxidised  nickel 
back  to  sulphide,  and  the  baryta  or  soda  formed  makes  a  very  fusible 
slag  with  silica. 

If  the  raw  nickel  matte  or  a  concentrated  matte  is  subjected  to  an 
oxidising  fusion  on  a  hearth  under  an  air  blast,  the  iron  is  oxidised 
to  ferrous  oxide  and  forms  a  slag  with  the  silica  of  the  furnace 
lining,  while  nickel  sulphide  is  unchanged.  If  the  oxidation  is 
carried  on  sufficiently  long,  there  will  be  only  traces  of  iron  sul- 
phide left  behind.  But  a  considerable  loss  of  nickel  in  the  slag 
occurs  if  the  iron  is  completely  separated. 

The  separation  of  iron  from  nickel  matte  by  means  of  the  Bessemer 
converter  is  rapid  and  complete.  Besides  the  iron,  any  arsenic  and 
antimony  present  in  the  matte  are  completely  removed.  The  iron  is 
converted  into  ferrous  oxide  by  the  stream  of  air  blown  into  the 
molten  matte,  and  forms  a  slag  with  the  silica  of  the  converter  lining, 
or  else  with  quartz  added.  Any  nickel  which  may  be  oxidised  reacts 
with  whatever  ferrous  sulphide  may  be  left,  thus  giving  ferrous  oxide 
which  is  slagged,  and  nickel  sulphide.  The  process  finally  gives  this 
sulphide  and  a  ferrous  silicate  which  will  always  contain  a  certain 
quantity  of  nickel. 

It  is  not  possible  to  separate  the  nickel  as  metal  in  the  converter 
by  continuing  the  blast,  as  is  done  in  separating  copper  from  its 
sulphide  in  the  copper-Bessemer  process.  In  addition  to  the  fjujt 
that  nickel  oxide  and  sulphide  will  not  react,  it  is  not  possible  at  the 
temperature  required  in  the  process  to  oxidise  the  sulphur  without 
oxidising  the  nickel  as  well.  Indeed  with  a  certain  proportion  of 
nickel  and  sulphur  in  the  matte,  nickel  is  more  easily  oxidised  than 
sulphur.  Finally,  the  heat  developed  in  the  oxidation  of  nickel 
sulphide  is  not  enough  to  fuse  nickel. 

As  nickel  sulphide  dissolves  metallic  nickel,  a  high  concentration 
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of  nickel  can  be  attained  by  the  converter  process  ;  the  end  product 
may  in  fact  be  a  mixture  of  nickel  and  its  sulphide.  The  matte 
enriched  in  this  way  and  freed  from  iron  is  roasted  dead  and  the 
oxide  reduced  with  carbon. 

The  dead-roasting  takes  place  in  reverberatories,  the  reduction  in 
crucibles,  if  the  object  be  molten  metal,  or  tubes  and  muffles,  if  sp^ngv 
metal  be  desired.  Thus  the  extraction  of  nickel  from  its  copper-fn^^ 
ores  embraces  three  processes,  viz.,  treatment  of  ore  for  matt-e,  n?- 
moval  of  iron  from  the  matte,  and  production  of  crude  nickel  fruiu 
the  nickel  matte.  If  the  nickel  matte  be  poor  in  the  metal,  it  is 
concentrated  by  roasting  and  smelting  in  shaft  furnaces,  part  of  the 
iron  being  eliminated  in  this  manner. 

When  the  nickel  ore  contains  copper,  as  is  generally  the  cbm- 
the  copper  remains  in  the  matte  owing  to  its  great  affinity  for 
sulphur,  and  thus  the  oxidation  followed  by  reduction  gives  a  matit- 
containing  sulphides  of  nickel,  iron  and  copper.  If  the  matte  is  poor 
in  nickel,  it  is  enriched  in  that  metal  (and  copper)  by  a  roasting  and 
smelting  process,  and  the  concentrated  nickel-copper  matte  is  deprive*! 
of  the  greater  part  of  its  iron  by  the  converter  process. 

Several  methods  (secret- so  far  as  the  details  are  concerned)  are  in 
use  for  the  treatment  of  nickel-copper  matte  containing  little  or  ««• 
iron.  The  Orford  method  consists  in  smelting  the  matte  with 
Glauber  salt  and  carbon  ;  the  copper  then  forms  with  the  inni 
present  a  compound  sulphide  of  sodium,  copper  and  iron,  and 
nickel  sulphide  remains  behind.  This  is  then  roasted  sweet  and 
reduced. 

The  Mond  process  which  is  used  at  one  English  works  consists  in 
roasting  the  matte  dead,  extracting  part  of  the  copper  with  sulphiirio 
acid,  reducing  the  oxide  of  nickel  to  metal  by  means  of  reducing  gasc-> 
at  a  high  temperature,  and  in  passing  carbon  monoxide  over  the  nickel 
at  a  certain  temperature.  The  nickel  carbonyl  thus  produced  is  de- 
composed at  a  higher  temperature  into  nickel  and  carbon  monoxidr. 
and  the  latter  used  for  preparing  more  of  the  carbonyl  compound. 
Chloridising  roasting  of  iron-free  matte,  lixiviation  of  the  copjx^r 
chloride  and  reduction  of  the  residues  have  been  suggested,  but  hav. 
never  come  into  use. 

Electrolytic  methods  have  been  used  of  late  with  advantage.  Thv 
matte  is  roasted  sweet,  smelted  for  copper-nickel  alloy  and  the  latt<.r 
electrolysed.  This  method  may  also  be  used  for  mattes  containing 
iron. 

The  wet  method  of  treatment  consists  in  dead-roasting  of  th- 
matte,  extraction  of  nickel,  copper  and  iron  with  acids,  separate  piv- 
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cipitation  of  these  metals,  and  reduction  of  the  oxide  of  nickel  thus 
obtained  with  carbon. 

If  the  object  be  to  produce  a  copper-nickel  alloy  from  matte  free 
from  iron,  it  is  roasted  sweet  and  the  residue  of  nickel  and  copper 
oxides  reduced  by  carbon. 

The  treatment  of  copper-bearing  nickel  ores  for  nickel  in  the 
dry  way  thus  comprises  the  following  operations  : — 

a.  Treatment  of  ore  for  nickel-copper  matte. 

b.  Removal  of  iron  from  this  matte. 

c.  Working  up  the  iron-free  matte  for  crude  nickel. 

If  the  first  matte  be  very  poor  in  nickel  it  is  concentrated  as  described 
above,  and  if  the  object  be  to  produce  an  alloy  of  copper  and  nickel, 
another  process  must  be  added  to  the  above,  viz. : — 

d.  Treatment  of  iron-free  nickel-copper  matte  for  a  nickel-copper 
alloy. 

As  the  production  of  refined  nickel  mattes,  both  with  and  without 
copper,  is  carried  out  in  the  same  way  and  with  the  same  appamtus, 
it  will  be  convenient  to  describe  the  production  of  nickel  from  sulphur 
compounds  under  the  following  heads  : — 

a.  Conversion  of  the  ore  into  a  coarse  matte. 

b.  Separation  of  iron  from  the  latter,  or  "  refining." 

c.  Working  up  of  refined  nickel  matte  into  crude  nickel. 

d.  Working  up  of  refined  nickel-copper  matte  into  crude  nickel. 
€.  Working  up  of  nickel-copper  matte  into  copper-nickel  alloys. 

a.  THE  CONVERSION   OF  THE  ORE  INTO  COARSE   MATFE 

This  process  consists  in  roasting,  followed  by  the  reduction  of  the 
roasted  product  in  shaft  furnaces.  In  exceptional  cases,  when  the 
ore  is  mixed  with  large  quantities  of  earthy  gangue,  the  roasting  is 
dispensed  with,  and  the  unroasted  ore  smelted  to  get  rid  of  the 
gangue  as  slag. 

ROASTING  THE   ORE 

The  ore  to  be  roasted  is  magnetic  pyrites  and  iron  pyrites,  mixed 
with  copper  pyrites,  and  often  with  arsenic  and  antimony  compounds, 
and  also  with  silicates,  quartz  and  earthy  matter. 

During  roasting  the  aim  is  to  get  rid  of  sulphur  until  enough 
»nly  remains  to  combine  with  nickel,  copper  and  a  portion  of  iron, 
during  the  smelting  to  follow.  If  cobalt  is  present  it  will  be  wholly 
combined  with  sulphur.  Ai-senic  and  antimony  ani  removed  i\s 
Completely  as  possible. 
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We  have  seen  already  that  as  the  proportion  of  nickel  in  the  ore 
is  so  slight  (1  to  4  per  cent.,  rarely  above  5  per  cent),  it  is  inadvisable 
to  decompose  all  the  iron  sulphide  in  roasting,  for  then  in  smelting, 
nickel  would  pass  into  the  slag  with  the  iron;  and  further,  as  it  is 
impossible  in  these  circumstances  to  avoid  the  formation  of  inm 
sows,  the  nickel  will  be  reduced  and  pass  into  them.  It  must  depend 
on  the  relative  proportions  of  nickel,  cobalt,  iron  and  sulphur  in  the 
ore,  how  much  sulphur  should  be  oxidised  away.  When  possible, 
ores  containing  4  to  5  per  cent,  nickel,  or  more,  should  be  so  worked 
that  smelting  gives  .a  matte  with  15  to  20  per  cent,  nickel  without 
any  serious  loss  of  the  metal.  Poor  ores  with  1  or  2  per  cent  should 
give  a  matte  with  5  to  10  per  cent ;  for  here  loss  of  nickel  in  slag 
and  sows  has  a  greater  proportional  eflfect  than  with  richer  ores.  If 
there  is  any  cobalt  in  the  ore,  the  roasting  must  be  stopped  so  much 
the  sooner.  When  the  cobalt  is  worth  separating  there  must  be  an 
excess  of  sulphur  in  the  roasted  product,  for  cobalt  has  less  affinity 
for  sulphur  than  nickel  has,  and  so  will  pass  into  the  slag  before  the 
latter  does. 

In  the  roasting  the  sulphur  partly  escapes  as  dioxide,  and  is 
partly  converted  into  trioxide  by  contact  with  red-hot  masses  of  on* 
and  red-hot  furnace  walls.  Iron,  copper  and  nickel  oxides  combine 
with  this  trioxide  to  form  the  three  sulphates.  As  the  roasting  proceeds 
and  the  temperature  is  raised,  the  sulphates  are  again  decomposed 
into  oxides  and  sulphur  trioxide,  or  sulphur  dioxide  and  oxygen. 
Iron  sulphate  is  first  decomposed,  next  the  copper,  lastly  the  nickel 
compound. 

If  the  roasting  were  kept  up  long  enough  at  the  proper  tempera- 
ture, the  product  would  be  a  mixture  of  ferric  oxide,  nickelous 
oxide  and  cupric  oxide.  But  if  it  is  stopped  after  a  certain  quantity 
of  sulphur  in  the  ore  has  been  got  rid  of,  as  is  nearly  always  neces- 
sary, in  order  to  produce  the  matte,  the  product  will  be  a  mi.^turv 
of  oxides,  sulphates  and  undecomposed  sulphides.  Ferric  oxide,  ferric 
sulphide  and  basic  ferric  salts  preponderate  in  quantity.  If  zinc 
blende  was  present  in  the  ore,  zinc  sulphide  and  oxide  and  neutral 
and  basic  sulphate  are  found  in  the  product.  If  arsenic  and 
antimony  were  present,  arseniates  and  antimoniates  are  found  as 
well  as  undecomposed  arsenides  and  antimonides.  We  should  find 
lead  sulphide,  oxide  and  sulphate  resulting  fix)m  galena  in  the  ore. 
Quartz,  heavy  spar  and  silicates  remain  unaltered.  Calcium  carbonat*" 
will  become  sulphate. 

7%e  Operation  of  Roasting, — This  may  be  carried  on  in  heaps, 
kilns,  shaft-furnaces,  reverberatory  furnaces,  or  muflfles.     The  choict 
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among  these  methods  depends  on  the  necessity  for  disposing  of 
noxious  gaseous  products,  on  the  possibility  of  using  these  products 
in  the  manufacture  of  sulphuric  acid,  and  on  the  cost  of  fuel  and 
labour. 

The  roasting  of  lump  ore  in  heaps  takes  a  long  time,  is  imperfect 
in  its  results  for  many  ores,  and  provides  no  way  of  disposing  of  or 
utilising  the  gases  set  free ;  further,  it  causes  loss  of  metal  by  the 
washing  away  of  nickel  and  copper  sulphates,  unless  it  is  carried  on 
under  cover ;  on  the  other  hand,  it  means  only  slight  cost  of  plant,  a 
small  amount  of  labour,  and  a  small  consumption  of  fuel,  especially  if 
the  ore  is  rich  in  sulphur. 

The  fine  ore  ("smalls"),  if  it  is  not  moulded  into  briquetts, 
serves  as  coverings  and  bottoms  for  the  heaps  of  lump  ore.  The 
briquetting  entails  a  good  deal  of  labour,  while  roasting  up  to  the 
required  limit  requires  a  definite  proportion  of  lump  to  fine  ore. 
Otherwise  the  roasting  of  fine  ore  in  heaps  has  the  same  dis- 
advantages as  roasting  lump  ore. 

This  method  is  used  when  the  utilisation  of  the  gaseous  products, 
for  sulphuric  acid  or  otherwise,  is  not  feasible,  on  account  of  there 
being  no  market  for  the  product,  or  because  the  nature  of  the  ore  is 
not  suitable;  and  when,  at  the  same  time,  the  surrounding  land  is  of 
so  little  value  that  it  is  unimportant  whether  it  is  injured  by  the 
noxious  gases  escaping ;  it  may  also  be  used  where  fuel  and  labour 
are  dear.  These  conditions  are  met  with  in  the  chief  place  of 
roasting  sulphuretted  nickel  ores,  the  neighbourhood  of  Sudbury 
in  Ontario,  and  also  to  some  extent  in  Sweden  and  Norway.^ 

The  Canadian  ores  are  magnetic  pyrites  containing  about  3  per 
cent,  nickel  and  3  to  4  per  cent,  copper.  There  is  no  sulphuric  acid 
plant  at  Sudbury.  The  great  compactness  of  the  ore  and  its  small 
proportion  of  sulphur  are  against  its  being  roasted  profitably  in 
shaft  furnaces,  kihis,  pyrites  burners  or  Maletra  furnaces,  such  as 
are  used  in  sulphuric  acid  manufacture.  To  get  gaseous  products 
suitable  for  such  manufacture,  these  ores  must  be  mixed  with  others, 
or  roasted  in  muffles.  Further,  it  is  not  worth  while  to  export  an 
ore  so  poor  in  nickel  to  a  place  where  its  sulphur  could  be  utilised. 
The  best  economy  at  present  is  to  convert  the  ore  into  a  nickel 
matte  on  the  spot  without  concern  for  either  utilising  or  rendering 
harmless  the  gaseous  products.  So  the  roasting  of  the  ore  is  carried 
out  simply  in  heaps.  Only  recently  Sudbury  ores  have  been  sent  to 
Saulte  Ste.  Marie  to  be  roasted  in  Herreshof  furnaces,  heated  with 
producer  gas,  along  with  pyrites  from  Michipicoten.^  The  sulphur 
1  The  Min.  Ind.,  1902,  p.  492. 
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dioxide  is  used  for  the  preparation  of  sulphite  cellulose  and  part  of  ii 
is  liquefied.  It  was  proved  in  1902  that  the  roasting  of  ores  with  less 
than  25  per  cent,  of  sulphur  in  the  manner  described  was  un- 
economical. The  sulphur  dioxide  in  the  furnace  gases  is  so  dilut4', 
and  the  cost  of  heating  the  Herreshof  furnace  ^  is  too  great  for  the 
method  to  compete  successfully  with  heap-roasting.  We  find  similar 
conditions  in  Sweden  at  Klefva  and  Sagmyma,  and  in  Norway  at 
the  Ringerick  nickel  works,  and  at  Kragero,  in  which  countries  the 
nickel  works  are  mostly  at  present  out  of  work.  The  ore  is  poor. 
there  is  no  market  for  sulphuric  acid,  and  land  is  not  dear.  So  hen- 
roasting  in  heaps  is  customary. 

Roasting  in  stalls  entails  a  great  expenditure  of  time,  like  roast- 
ing in  heaps ;  it  means  also  a  greater  initial  outlay  and  moa* 
labour  and  it  endangers  the  health  of  the  labourer  during  the 
emptying  of  the  stalls.  It  precludes  the  utilisation  of  the  oxidise<l 
gases,  but  steps  are  taken  to  diminish  the  noxiousness,  by  leading 
them  into  high  chimneys.  By  careful  management  of  the  draught, 
the  method  will  yield  a  more  even  roasting,  and  in  a  shorter  time 
than  roasting  in  heaps.  The  quantity  of  fuel  used  is  as  low  for  oi\*> 
rich  in  sulphur  as  in  heap-roasting ;  finely  divided  ore  can  only  be 
used  as  bottoms  and  coverings  unless  it  is  briquetted. 

Stall  roasting  is  therefore  used  where  the  sulphurous  gases  cannot 
be  utilised,  but  where  their  injurious  effects  are  bound  to  be  limited 
as  far  as  possible  by  leading  them  into  higher  stacks. 

Formerly  these  stalls  were  used  at  Dillenburg  (the  Isabella  Worksi 
and  at  the  Sesia  Works  at  Varallo,  in  Piedmont. 

Shaft  furnaces  are  used  for  ores  rich  in  sulphur,  both  lump  an'l 
fine,  if  the  gases  are  to  be  used  for  sulphuric  acid.  This  use  of  thv 
gases  presupposes  such  a  proportion  of  sulphur  and  composition  nt 
ore  that  the  roasting  temperature  can  be  kept  up  by  the  h&V- 
evolved  by  the  oxidation  of  the  sulphur,  and  that  the  ore  is  thor- 
oughly burned  through  without  leaving  cores.  The  ore  must  not 
melt,  nor  even  sinter,  and  the  lumps  of  ore  must  not  decrepitate  ai 
the  temperature. 

Shaft  furnaces  may  also  be  used  without  any  concern  for  th^ 
utilisation  or  rendering  harmless  of  the  furnace  gases,  if  fuel  is  dear 
and  labour  cheap  (the  gases  may  be  sent  straight  into  the  air  "r 
partly  rendered  less  noxious  by  being  led  into  high  chimneys),  **t 
may  be  used  when  the  ore  must  bo  i-apidly  roasted.  In  such  ca>»^ 
luuip  ore  may  also  be  roasted  in  kilns ;  pulverulent  ore  in  fumacv^  "* 

1  The  Mm.  ImL,  1903,  p.  490. 
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the  Gerstenhofer  or  Maletra  pattern.  In  kilns,  ores  poor  in  sulphur 
are  arranged  in  layers  alternately  with  fuel. 

The  author  is  not  aware  of  any  instance  of  the  use  of  shaft 
furnaces  for  the  purpose  of  utilising  the  gases  from  nickel  ores  in 
sulphuric  acid  manufacture. 

Shaft  Aimaces  have  been  used  at  Dillenburg  to  roast  ores  of 
nickel  As  the  ore  (pyrites  containing  nickel)  was  mixed  with  much 
gangue,  the  temperature  had  to  be  kept  up  by  alternating  with 
layers  of  fuel. 

Roasting  in  reverberatory  furnaces  will  not  allow  of  the  utilisation 
of  the  gases ;  it  entails  preliminary  pulverisation  of  the  ore,  and  a  great 
consumption  of  fuel  and  labour,  but  it  can  be  performed  quickly  and 
can  be  accurately  adjusted  to  the  right  degree  in  getting  rid  of 
sulphur.  Nevertheless,  the  costliness  of  this  method  has  prevented 
its  being  used  up  till  now  for  these  sulphuretted  ores  containing  so 
small  a  proportion  of  nickel.  It  becomes  feasible  with  ores  contain- 
ing much  nickel,  and  when  a  quick  process  is  necessary,  if  utilisation 
of  the  gases  is  not  desired,  or  is  not  suitable  to  the  nature  of  the  ore, 
in  which  cases  as  high  a  chimney  as  possible  is  used. 

The  use  of  mufHes  entails  a  large  expenditure  on  fuel  and  labour, 
but  it  allows  of  the  using,  or  rendering  harmless,  of  the  gaseous  pro- 
ducts and  is  convenient  for  stopping  the  roasting  at  the  proper  stage. 
With  the  muffles,  as  with  the  reverberatory  furnaces,  the  ore  must 
first  be  reduced  to  small  size.  Up  till  now  they  have  not  been  used 
for  these  sulphuretted  nickel  ores  because  of  the  expense  of  the 
roasting.  They  may  come  into  use  when  it  is  desired  to  utilise  cer- 
tain ores  in  sulphuric  acid  manufacture,  which  ores  are  not  suitable 
for  roasting  in  shaft  furnaces,  either  because  of  their  small  proportion 
of  sulphur,  or  because  of  their  sintering,  fusing  or  decrepitating. 

Boasting  in  Heaps 

This  is  carried  on  in  the  same  way  as  the  normal  roasting  of 
magnetic  pyrites,  or  of  pjoites  containing  copper.^ 

At  Sudbury,  in  Canada,  the  ores,  magnetic  pyrites  with  about 
3  per  cent,  nickel  and  rather  over  3  per  cent,  copper,  are  broken  and 
classified  into  the  three  sizes,  4  inches,  1 J  inch,  and  f  inch,  and 
then  piled  on  a  bed  of  wood  in  heaps  of  5  to  15  feet  high,  82 
feet  long,  and  about  39  feet  broad.  A  heap  contains  from  600 
tons  to  3,000  or  more.  In  the  middle  there  is  a  small  chimney  to 
crf?ate  a  draught  and  carry  off  the  products  of  combustion.    To  every 

1  Vol.  i.  p.  31. 
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20  tons  of  ore  a  cord  of  wood  (128  cubic  feet)  is  allowed.  The  bed 
is  laid  upon  a  layer  of  fine  ore  6  to  10  inches  thick,  which  itself 
becomes  roasted  down  to  a  certain  depth,  generally  about  half-way. 
On  the  bed  the  coarsest  pieces  are  laid,  then  the  medium-sized,  and 
lastly,  fine  ore  again.  The  whole  heap  is  covered  with  a  layer  of  fine 
ore  6  to  8  inches  thick.  The  length  of  time  for  the  roasting  varies 
according  to  the  size  of  the  heaps  firom  6  to  20  weeks.  A  heap  con- 
taining 1,000  tons  takes  60  to  80  dajrs.  By  one  roasting  the  propor- 
tion of  sulphur  in  the  ore  is  reduced  from  30  or  40  per  cent  to 
between  4  and  7  per  cent.^ 

At  the  works  at  Klefva  in  Smaland  (Sweden),  closed  at  present, 
the  nickeliferous  magnetic  pyrites  was  subjected  to  a  single  roasting 
in  heaps  on  a  bed  of  wood,  each  heap  containing  210  tons.^  This 
pyrites  contains  from  108  to  2-03  per  cent,  nickel,  and  from  0*38 
to  1*03  per  cent,  copper.  At  Sagmyrna  (also  closed)  the  pyrites, 
containing  0*6  per  cent,  nickel  and  0*7  per  cent,  copper,  was  roasted 
three  times.  Each  heap  held  300  or  400  tons  of  ore,  and  burned 
3  or  4  weeks. 

At  the  Ringerick  works  in  Norway  (also  closed)  magnetic 
pyrites  with  from  0*42  to  1'75  per  cent,  nickel  was  roasted  with  wood 
in  heaps  of  about  the  same  size  of  those  at  Sagmyrna ;  they  burned 
for  from  1  to  3  months.  After  roasting,  the  ore  was  sorted,  and  that 
which  was  imperfectly  roasted  put  into  another  heap  with  fresh  ore. 

Boasting  in  Stalls 

This  form  of  rpasting  used  to  be  carried  on  at  the  Isabella  Works 
at  Dillenburg,  and  the  Sesia  Works  at  Varallo  in  Piedmont.  At  the 
former  place  stalls  have  been  replaced  by  shaft  furnaces. 

At  the  Sesia  Works,*  the  pyrites  contained  from  1*20  to  1*44  per 
cent,  of  nickel.  It  was  roasted  in  stalls  about  13  feet  long,  10  feet 
broad,  and  10  feet  high,  with  two  fires.  The  charge  in  a  stall  wa^ 
60  to  80  tons.     Two  tons  of  wood  were  required  to  roast  it. 

Boasting  in  Shaft  Fuiiiaces 

At  the  Isabella  Works,  which  have  been  closed  for  a  long  time, 
the  pyrites  (averaging  3  per  cent,  of  nickel,  5  per  cent,  of  copper)  was 
roasted  in  kilns  about  6  feet  6  inches  high,  4  feet  6  inches  square  in 

'  The  Min.  Ind.,  1894,  p.  459. 

-  5,000  Swedish  centners,  each  94^  Ibe. 

»  Bfrg-  und  Wutenm.  Ztg.,  1878,  p.  185. 
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section  at  the  upper  end,  and  2  feet  3  inches  square  at  the  lower  end. 
The  pyrites  was  laid  in  layers  alternately  with  lignite  to  assist  the 
combustion.  The  gaseous  products  were  conducted  into  a  chimney 
40  feet  high,  and  from  2  to  3  tons  of  ore  were  roasted  in  24  hours. 

At  the  Gap  Mine  in  Pennsylvania  (now  worked  out),  the  magnetic 
pyrites  with  1*75  per  cent.  Ni,  01  per  cent.  Co,  1  per  cent.  Cu,  was 
roasted  in  kilns.^ 


SMELTING  OF  THE  ROASTED  ORE  TO  PRODUCE  COARSE  NICKEL 

MATTE 

Matte  can  be  produced  directly  without  roasting  when  ores  poor 
in  sulphur  are  used.  This  was  formerly  done  at  Kragero  in  Norway, 
where  the  pyrites  containing  1*25  per  cent,  of  nickel  was  disseminated 
in  a  finely-divided  state  in  the  rock.  Generally,  the  ores  must  first  be 
roasted.  They  then  contain  a  mixture  of  oxides,  sulphates  and  unde- 
composed  sulphides  of  nickel,  copper  and  iron,  and  the  greater  part 
of  the  nickel  and  of  the  copper  is  combined  with  sulphur.  As  a  rule, 
metallic  arsenides  and  antimonides,  arseniates  and  antimoniates, 
quartz,  silicates  and  gypsum  are  found  here.  Frequently  there  are 
small  quantities  of  cobalt  as  sulphide,  oxide  and  sulphate. 

In  the  smelting  of  this  ore  with  carbon  and  fluxes,  iron  should  be 
slagged  as  far  as  possible,  and  nickel,  cobalt  and  copper  collected 
into  a  matte.  The  iron  passes  into  the  slag  through  the  reduction 
of  ferric  oxide  to  ferrous,  and  the  combination  of  this  with  silica ; 
and  also  by  the  decomposition  of  iron  sulphide  by  nickel  oxide,  in 
the  presence  of  silica  and  carbon.  This  is  also  brought  about  by  copper 
oxide  when  present.  Thus  the  nickel  and  copper  oxides  become 
sulphides  and  a  corresponding  amount  of  iron  becomes  silicate.  Also 
nickel  silicate,  generally  fonned  to  a  certain  extent,  undergoes  a 
double  decomposition  with  iron  sulphide.  Copper  silicate  will  be- 
have in  the  same  way.  Cobalt  silicate  is  not  decomposed  by  iron 
sulphide  to  form  cobalt  sulphide.  Part  of  the  oxides  of  nickel  and 
copper  becomes  reduced  to  metal  by  carbon  monoxide  and  carbon. 
Metallic  nickel  dissolves  in  the  sulphide  of  nibkel  present ;  copper 
combines  with  sulphur  taken  fi:om  iron  sulphide.  Iron  will  then 
be  separated  as  metal,  unless  the  iron  sulphide  is  reduced  to  the 
combination  FcjS,  a  compound  not  yet  isolated.  Until  the  existence 
of  this  compound  is  proved  it  is  better  to  assume  that  iron  is  reduced 
to  metal.  This  will  dissolve  in  the  ordinary  monosulphide  as  nickel 
does  in  its  sulphide.  Further,  any  ferric  oxide  present  may  be  reduced 

»  Berg-  und  HiUttnm.  Ztg.y  1874,  p.  142 ;  1875;  p.  58. 
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by  the  ractal  to  ferrous  oxide,  and  so  pass  into  slag.  Another 
portion  of  copper  oxide  reacts  with  sulphide,  as  in  the  English  copper 
smelting  process.  The  copper  thus  set  free  will  take  sulphur  from 
iron  sulphide,  just  as  above.  Nickel  sulphate  will  be  reduced  to 
sulphide,  unless  the  heat  decomposes  it  into  nickel  monoxide,  sulphur 
dioxide  and  oxygen.  The  same  applies  to  copper  sulphate.  Part 
of  the  iron  sulphate  is  decomposed  into  ferric  oxide,  sulphur  dioxide 
and  oxygen ;  carbon  monoxide  converts  the  rest  of  it  into  ferrous 
oxide  and  sulphur  dioxide,  carbon  dioxide  being  formed. 

All  these  sulphides  of  nickel,  copper,  iron,  and  occasionally 
cobalt,  whether  newly-formed  by  the  decomposition  of  sulphates,  or 
originally  present  in  the  roasted  ore,  unite  to  form  a  matt.e.  So 
long  as  a  considerable  amount  of  iron  sulphide  is  present,  there  can 
be  but  a  small  quantity  of  nickel  as  silicate  in  the  slag,  for  the 
double  decomposition  mentioned  above  takes  place  almost  com- 
pletely. The  same  will  apply  to  copper,  but  any  cobalt  silicate 
produced  will  remain  in  the  slag. 

Antimoniates  and  arseniates  are  reduced  to  metal,  and  partly 
volatilise  as  such.  In  the  presence  of  undecomposed  pyrites  part 
of  the  arsenic  is  volatilised  as  sulphide.  The  remaining  arsenic 
and  antimony,  if  they  are  only  in  small  quantities,  pass  into  the  matte : 
otherwise  they  form  a  speiss,  combined  chiefly  with  nickel  and 
cobalt.  Any  gypsum  will  be  reduced  to  sulphide  of  calcium,  which 
acts  with  nickel  and  copper  oxides  like  iron  sulphide  does. 

The  quartz  and  silicates  pass  into  slag.  In  case  the  oxide  of  iron 
in  the  charge  is  not  enough  to  slag  it  completely,  basic  slags  from  a 
subsequent  process  or  basic  ores  are  added,  while  if  the  base  prepon- 
derates in  the  charge  quartz  and  argillaceous  ores  are  added,  or  acid 
slags.  If  the  ores  have  been  roasted  too  strongly,  so  that  it  is  to  be 
feared  there  will  be  nickel  in  the  slag,  they  are  mixed  with  nnroasted 
ore ;  and  ores  which  have  been  insufficiently  roasted,  and  which 
would  in  consequence  yield  a  large  quantity  of  matte  poor  in  nickel 
are  mixed  with  slags  which  contain  nickel. 

Whenever  possible  the  mixing  is  arranged  so  as  to  give  a  matte 
with  16  to  25  per  cent,  nickel.  But  with  the  usual  ores,  poor  in 
nickel,  a  matte  with  a  lower  percentage  must  be  aimed  at. 
The  slag  may  contain  neither  too  much  nor  too  little  silica. 
Excess  makes  the  slag  less  fusible,  and  in  its  pasty  condition 
small  portions  of  matte  are  mechanically  enclosed  in  it;  also  it 
requires  a  great  expenditure  of  fuel,  and  the  raised  temperature 
causes  the  reduction  of  iron  in  the  charge.  In  the  same  way  as  iron 
is  reduced  in  the  blast  furnace  from  oxides  and  even  from  silicatesi. 
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so  in  this  charge,  which  is  difficultly  fusible  owing  to  its  great 
proportion  of  silica,  iron  will  be  separated  as  metal,  and  with  it  a 
portion  of  nickel.  This  metal  sticks  fast  to  the  walls  of  the  shaft 
furnace  as  "  sows,"  and  the  accumulation  of  these  constricts  and 
ultimately  "  freezes  up  "  the  furnace.  In  practice  the  slag  is  never 
allowed  to  contain  much  above  42  per  cent,  of  silica. 

Too  little  silica,  which  is  the  same  as  too  much  iron,  in  the 
slag  makes  its  density  greater,  so  that  it  is  difficult  to  separate  it 
from  the  matte,  portions  of  which  are  mechanically  enclosed.  If 
the  furnace  is  of  masonry  the  brickwork  is  acted  upon,  and  the  slag, 
from  its  basic  nature,  is  able  to  take  up  the  silica  and  acid 
silicates.  But  further,  iron  is  readily  reduced  from  this  slag  so  rich 
in  iron,  and  again  sows  are  formed  in  the  furnace,  and  shorten 
the  duration  of  a  campaign.  Although  too  small  a  proportion  of 
silica  is  not  so  injurious  as  too  much,  in  practice  it  is  advisable  not 
to  let  it  sink  below  24  per  cent.,  the  lowest  limit  being  18  per  cent. 

As  determined  by  practice,  the  most  judicious  percentage  of  silica 
is  between  24  and  36  per  cent. 

As  to  the  class  of  silicates  present  in  the  slag,  they  are  between 
mono-  and  bi-silicates,  the  chief  base  being  ferrous  oxides.  In  some 
cases  there  may  be  only  mono-silicate,  or  a  mixture  of  sub-  and  mono- 
silicates.  Lime,  magnesia  and  alumina  may  be  present  as  bases  to  a 
certain  extent,  besides  ferrous  oxide.  A  relatively  small  quantity 
of  magnesia  and  alumina  will  make  the  slag  refractory,  while  lime 
may  be  present  in  larger  quantity. 

The  smelting  of  the  ore  takes  place  in  shaft  furnaces.  Very 
recently  these  have  been  constructed  like  the  new  shaft  furnaces 
for  smelting  roasted  ferriferous  copper  ores,^  with  circular,  ellip- 
tical or  rectangular  horizontal  section.  By  their  use  the  same 
advantages  are  obtained  as  when  they  are  used  for  copper  ores,  namely 
greater  output  and  a  greater  economy  of  fuel.  Furnaces  of  this 
sort  are  therefore  used  largely  for  smelting  roasted  nickel  ores  con- 
taining sulphur.  At  the  Canadian  Copper  Co.'s  works  in  Sudbury 
a  Herreshof  furnace  is  used  with  a  water-jacket,  8  feet  10  inches 
high,  6  feet  3  inches  in  the  longer  side,  and  3  feet  3  inches  in  the 
shorter  side  of  a  section  of  the  furnace  at  the  level  of  the  tuyeres. 
In  this  furnace  125  tons  of  ore  are  smelted  in  24  hours.  At  the 
works  of  the  Ludwig  Mond  Co.  at  Victoria,  near  Sudbury,  200 
tons  of  ore  are  worked  off  in  24  hours  in  a  water-jacketed  furnace, 
19  feet  high  from  the  floor  level  to  the  charging  level,  and  3  feet 
by  10  feet  in  area  at  the  tuyere  level.^ 

1  Vol.  i.  p.  129.  '^  The  Min,  Ind,,  1902,  p.  494. 
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The  height  of  the  furnace  depends  on  the  amount  of  iron  in  the 
charge,  and  the  kind  of  fuel.  The  higher  the  furnace,  the  easier  will 
reduction  of  iron  take  place.  The  greater  the  amount  of  iron 
therefore  the  lower  the  furnace.  When  wood  charcoal  is  used  the 
furnaces  are  built  higher  than  with  coke  under  similar  circum- 
stances, because  the  combustion  of  wood  charcoal  draws  strongly 
upwards,  and  thus  with  a  low  furnace  part  would  be  burned  uselessly 
at  the  top. 

Usually  the  height  varies  from  6^  to  20  feet.  With  coke  it 
seldom  goes  beyond  14^  feet,  from  bottom  to  throat ;  with  wood 
charcoal  it  may  be  20  feet.  The  height  from  the  tuyeres  up  to  the 
throat  is  from  GJ  to  10  feet  with  coke,  from  13  to  16^  feet  with  wood 
charcoal.  In  the  Herreshof  furnace  at  Sudbury,  with  water-jacket 
and  elliptical  cross  section,  and  burning  coke,  the  height  from  the 
tuyere  level  to  the  throat  is  6 J  to  10  feet ;  the  height  of  the  water- 
jacketed  furnace  at  Victoria  is  13  feet. 

The  cross  section  should  be  circular,  rectangular  or  oval.  The 
pressure  of  the  draught  varies  between  ^  inch  and  2  inches  of 
mercury,  except  in  extraordinary  casea  The  diameter  of  the 
furnace,  or  the  shorter  side  of  the  rectangle,  at  the  level  of  the 
tuyeres,  is  from  2  feet  6  inches  to  4  feet  4  inches,  and  a  little  greater 
at  the  throat.  It  varies  according  as  the  ore  is  more  or  less  fiisible, 
and  as  the  pressure  must  be  low  or  high.  (For  the  structure  and 
dimensions  of  the  furnace  see  under  copper  smelting.^) 

The  tuyeres  are  distributed  as  symmetrically  as  possible  round 
the  circumference  of  the  tuyere  level.  In  old  furnaces  the^  tuyeres 
were  in  the  back  wall  of  the  furnace.  The  blast  is  supplied  usually 
by  a  Root's  blower,  and  is  only  exceptionally  (as  at  Victoria, 
Sudbury)  heated  for  fear  of  promoting  reduction  of  the  iron. 

The  arrangement  of  the  furnace,  when  there  is  much  iron  present, 
is  best  as  Spv/roJ'tn,  for  if  the  molten  mass  remains  too  long  in  the 
furnace,  there  will  be  a  separation  of  iron,  and  sows  may  form  on 
the  furnace  walls.  The  receivers  {SpuHicgd)  to  collect  the  matte 
are  lined  with  brick,  or  brasque  of  clay  and  coal-dust.  Iron  cannot 
be  used,  as  it  is  readily  acted  on  by  the  matte. 

In  Sweden  (Klefva,  Sagmyrna)  furnaces  have  also  been  used 
built  on  the  Sumpfofen  pattern. 

The  construction  of  the  water-jacket  furnace  used  at  Sudbuiy  is 
shown  in  Figs.  458,  469. 

X  is  the  water-jacket  made  of  steel  plate.     The  water  space,  v, 

'  Vol.  i.  p.  129. 
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within  it  is  about  2  inches  wide.  U  is  the  blast-pipe.  The  furnace  is 
built  with  an  independent  forehearth(Sipwro/e?i).  The  molten  mass  flows 
out  of  the  furnace  through  the  water-jacketed  pipe  i,  made  of  bronze, 
into  the  receiver  T  carried  on  wheels.  The  receiver  is  surrounded  by 
a  water-jacket  at  the  sides,  has  a  movable  lid  and  a  fire-clay  bottom. 
The  slag  runs  out  at  the  upper  exit  S  (slag-notch)  ^rhile  the  matte  is 
tapped  through  the  tap-hole  t,  provided  also  with  a  water-jacketed 

bronze  pipe.  The  bottom  of 
the  furnace  is  formed  of  a  cir- 
cular plate,  on  top  of  which  is 
a  thin  layer  of  sand,  and  then 
a  course  of  fire-brick.  Above 
this  a  portion  of  the  fused 
charge,  reaching  to  the  lower 
level  of  the  tap-hole,  is  allowed 
to  solidify,  and  over  this  latter 
the  fused  mass  flows  through 
the  tap-hole  into  the  receiver. 


^/m//^//////7)7/ 


Fio.  458. 


Fio.  469. 


during  the  working  the  molten  mass  is  continuously  above  the  tap- 
ole,  so  that  the  blast  cannot  blow  out  there.  During  the  tapping 
le  slag  hole  is  stopped  by  clay,  so  here  also  the  blast  cannot  escape. 
1  other  furnaces  of  this  kind  the  horizontal  section  has  the  shape 
■  a  rectangle  with  rounded  corners.  At  the  tuyere  level  the  long 
de  is  6  feet,  the  short  side  3  feet.  The  tuyeres  are  twelve  alto- 
jther,  five  in  each  long  side,  one  in  each  short  side.  The  height  of 
is  furnace  from  tuyeres  to  mouth  is  about  6^  feet.  The  furnaces 
the  Mond  Co.  in  Sudbury  ^  are  rectangular  in  section  and  are 
rrounded  by  water-jackets  8  feet  high  made  of  steel  plate.  The 
side  plate  is  J  inch  thick,  the  outside  one  \  inch  thick,  and  the 
ace  between  is  6  inches  wide.  Above  the  jacket  there  are  vertical 
Ick  walls  5  feet  high  and  9  inches  thick.     The  sectional  area  of 

1  The  Mineral  Industry,  1902,  p.  4»4. 
VOL.    II  U   U 
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the  furnace  is  10  feet  by  3  feet  at  the  tuyere  level,  and  10  feet  1)\ 
5  feet  8  inches  at  the  upper  end  of  the  water-jacket ;  the  height 
from  the  bed  to  the  charging  level  is  18  feet,  and  the  tuyere  level 
is  5  feet  8  inches  above  the  furnace  bed.  There  are  8  tuyeres  on 
each  long  side  and  the  arrangement  is  that  of  a  Sjnirofen,  The 
furnace  bed  is  formed  of  a  cast-iron  plate  covered  with  fire-proof 
material,  and  rests  on  12  cast-iron  pillars  3  feet  high.  The  distance 
between  the  bed-plate  and  the  water-jacket  is  22  inches.  Both  slag 
and  matte  are  collected  in  a  movable  receiver  made  of  steel  and  lined 
with  fire-proof  material,  the  dimensions  being:  diameter  9  feet- 
height  3  feet  6  inches.  There  they  separate  according  to  density,  the 
slag  running  off'  at  a  certain  level  through  a  copper  spout,  the  matte 
being  tapped  from  time  to  time.  The  furnace  gases  pass  through  a 
flue  dust  chamber ;  the  blast  produced  by  a  blower  is  warmed  bv 
traversing  a  chamber  above  this  and  separated  from  it  by  steel  plates- 

The  working  is  carried  on  just  the  same  as  in  the  smelting  of 
roasted  copper  ores.  The  products  are  matte  and  slag.  If  the 
charge  contains  much  iron,  iron  sows  will  form  containing  a  con- 
siderable quantity  of  nickel.  The  matte  contains  from  15  to  25  per 
cent,  of  nickel.  Formerly  the  mattes  produced  from  poorer  ores  con- 
taining 0*4  to  2  per  cent,  of  nickel  had  only  3"25  to  10  per  cent  of 
the  metal,  and  such  mattes  had  to  be  concentrated.  These  po«^r 
mattes  are  produced  in  Sweden,  Norway  and  Piedmont;  the 
smallest  proportion,  325  per  cent.,  being  found  in  the  matte  formerly 
produced  at  Kragero,  in  Norway,^  where  the  ores  (with  1'25  per  cent, 
nickel),  consisting  of  finely  divided  magnetic  pyrites,  were  smelted 
without  roasting. 

At  Klefva  in  Sweden ,2  the  ores  had  the  following  composition:— 


Ni  . 
Co  . 
Fe  . 
Mn  . 
Cu  . 
S.  . 
SiOg. 
Al,03 
CaO. 
MgO 


First  quality. 
Percontage. 

2-03 

010 
57-68 

012 

0-38 
33-52 

0-40 

0-20 

012 

009 


The  matte  produced  contained : — 


Ni 
Cu 
S  . 
Fe 


Second  quality. 
Percentage. 

108 

0-07 
43-24 

0-20 

1-03 
24-45 
14-75 

4-32 

2-73 

2-04 


Percentage. 

4-70 

2-30 
31-05 
61 -»5 


*  Balling,  Met(jUlhut(enhnule,  p.  570,  and  above,  p.  520. 


*  Ibid,,  p.  56S. 
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The  matte  obtained  at  Sagmyma  from  similar  ores  contained  5  per 
cent,  nickel. 

The  magnetic  pyrites  used  at  the  Ringeriges  Works,^  Norway, 
contained  from  0*42  to  1*75  per  cent,  nicke),  and  the  matte  formed 
from  it  from  5  to  6  per  cent,  nickel,  and  from  3'6  to  38  per  cent 
copper.  According  to  Schweder^  the  composition  of  the  matte 
was : — 


S.  .  .  . 
Fe  .  . 
Ni  .  .  . 
Cu  .  .  . 
Residue 


I. 

II. 

26-5 

28-30 

59-62 

55-30 

5-7 

601 

3-65 

3-80 

3-88 

5-92 

At  the  Sesia  Works,  Piedmont,  the  pjnites  contained  2*2  per  cent, 
nickel,  the  matte  7  per  cent. ;  such  poor  mattes  are  seldom  pro- 
duced at  the  present  day. 

At  the  Isabella  Works  at  Dillenburg  the  ore  formerly  used,  which 
consisted  of  iron  pyrites  containing  nickel,  copper  pyrites  and 
serpentine,  contained  3  per  cent,  nickel  and  5  per  cent,  copper ;  the 
matte  had  the  following  composition  : — * 


Nl. 

Cu. 

Fe. 

S. 

I 

....      19-44      . 

.      22-30      . 

.      35-20      . 

.      22-00 

n 

.        .    .      14-30      . 

14-d2      . 

.      44-90      . 

.      2604 

Ill 

.    .    .      1811      . 

.      13-39      . 

.      42-46      . 

.      2604 

IV 

.    .    .    .      13-03      . 

16-55      . 

.      42-80      . 

.      27-82 

At  Sudbury,  at  the  present  time,  the  matte  contains  15  to  25 
per  cent,  nickel.  ^ 

The  specimens  of  this  matte  sent  to  the  Chicago  Exhibition  con- 
tained— * 

Ni 18—25  per  cent. 

Cu 20—25 

Fe 25—35 

S 20—30 

Ahn  gives  the  composition  of  a  Sudbury  matte  as  ^ 

Ni 15-5  per  cent. 

Cu 27 

Fe 30 

S 26 

Co,  Pt,  Ag,  Au 1-5        „ 


1  Schwedep,  Berg-  und  HiUtenm.  Ztg.,  1879,  pp.  18,  79,  106,  122. 
'^  Ibid.,  Berg-  und  HiUUnm,  Ztg.,  1878,  p.  423. 
'  Schnabel,  Preuss.  ZeiOtchr.,  1866,  p.  108. 

"•  V.  Ehrenwerth,  Dew  Berg-  und  Hiittenicesen  aufder  Wdtausstdlung  in  Chicago^ 
Wien,  1895.  '  V.  Ehrenwerth,  loc.  cit. 

U  u   2 
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The  average  composition  of  the  matte  produced  in  Sudbuiy  at  the 
works  of  the  Canadian  Copper  Company  in  the  year  1902  was:— ^ 


Cu 

=     13-2  per  cent. 

Ag     =     1  '90  ounces  per  ton. 

Ni 

=     17-8        „ 

Pt     =     0-36        ,, 

Co 

=       0-45      „ 

Pd     =     0-35 

Fe 

=     4200      „ 

S 

=     21-4        „ 

Sulphur  in '  nickel  matte  forms  protosulphides  with  copper 
and  silver  (CugS,  AggS),  and  monosulphides  with  nickel  and  iron 
(NiS,  FeS).  If,  as  is  often  the  case,  there  is  not  enough  sulphur  \.*j 
form  these  two  latter  sulphides,  the  excess  of  the  metals  is  dissolved 
in  their  monosulphides  when  in  the  molten  condition,  according 
to  Schweder*s  researches.*  On  cooling  they  separate  out.  According 
to  Schweder  the  existence  of  any  sub-sulphides  of  nickel  and  iron 
is  improbable. 

The  composition  of  the  slags  lies  between  mono-  and  bi-silicat^s. 
as  already  mentioned ;  and  it  may  even  decrease  in  proportion  of 
silica  to  a  mixture  of  sub-  and  mono-silicate.  With  good  manage- 
ment the  slags  should  contain  so  little  nickel  that  they  can  be  thrown 
away.    The  author  can  offer  only  a  very  few  complete  analyses  of  slag. 

A  slag  formerly  produced  at  the  Isabella  Works  had  the  following 

composition  : — ^ 

SiO. 38-56  per  cent. 

ALO, 7-61 

Feb 35-64 

CaO 13-55 

MgO 4-79 

The  proportion  of  nickel  is  not  given :  it  is  said  to  have  been 
very  small  and  only  mechanically  enclosed  in  the  form  of  matte. 

The  slag  at  the  Ringeriges  Works  in  Norway  contained  0*108  per 
cent.  Ni,  and  008  per  cent.  Cu  according  to  Schweder.* 

The  slag  at  Sudbury  is  said  to  possess  a  composition  between 

mono-  and  sesqui-silicate,  and  to  contain  between  27  and  38  per  cent. 

of  silicon  and  43  to  46  per  cent,  of  ferrous  oxide ;  the  copper  and  nickel 

each  range  from  0*3  to  04  per  cent.     One  specimen  contained :— 

SiO- 38    per  cent. 

Fed 43 

CaO 4-5 

Al^O, 10 

S 2 

Ni 0-45 

Cu 0-4 

MgO 2-5 


1  The  Mill.  Ind.,  1902,  p.  493. 

«  Schweder,  Berg-  utid  ffuitenm.  Ztg.,  1878,  p.  409. 

'  Kerl,  Metcdlhmunknnde,  p.  542.  *  TjOC,  cit. 
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These  slags  are  partly  thrown  away,  partly  added  again  in 
similar  smeltings,  or  in  the  concentration  processes  for  the  matte. 

The  iron  sows  are  chiefly  composed  of  metallic  iron,  mixed 
with  nickel  and  copper,  and  also  with  sulphur,  carbon,  silicon,  arsenic 
and  antimony  compounds.  Iron  and  nickel  are  produced  by  the 
redaction  of  their  oxides,  or  by  separation  from  the  fused  matte 
which  often  contains  excess  of  these  metals. 

An  iron  sow  from  Dillenburg  contained : — 

Ni 4*86  per  cent. 

Cu 1-40 

Fe 88-17 

Co 005 

S 4-05 

SiOj 211 

One  from  the  Ringeriges  Works  contained,  according  to 
Schweder : — 

S 10-34  per  cent. 

Ni       18-11 

Cii 2-7 

Fe 69-85 

If  nickel  is  to  be  extracted  from  these  sows,  they  are  exposed  to  a 
blast  on  hearths,  or  smelted  in  reverberatory  furnaces  with  metallic 
sulphides,  or  worked  up  by  wet  methods. 

EXAMPLES  OF  THE  SMELTING  OF  ROASTED  ORE  INTO  MATTE. 

Mention  may  be  here  made  first  of  the  smelting  of  ores  in  small 
furnaces,  as  performed  formerly  at  Dillenburg,  and  in  Sweden, 
Norway  and  Piedmont.  This  is  now  only  of  historical  interest. 
After  this  the  treatment  of  Canadian  ores  in  large  furnaces,  as 
employed  at  present  at  Sudbury  in  Canada,  will  be  described. 

At  the  Isabella  Works  ^  the  ores  were  roasted  in  kilns ;  they  con- 
tained before  roasting  3  per  cent.  Ni  and  6  per  cent.  Cu,  the  gangue 
being  calcspar.  and  diorite.  They  are  smelted  for  matte  in  a  low 
blast  furnace,  5  feet  high,  2  feet  4  inches  broad,  and  2  feet  4  inches 
deep,  which  was  constructed  as  a  S'purofen  with  double  slag  notches 
(the  so-called  BrUUnofen),  It  had  one  tuyere  in  the  back  wall,  and 
was  worked  with  a  "  nose."  The  blast  pressure  was  from  0*6  to  0*65 
in.  of  mercury.  The  charge  consisted  of  100  parts  roasted  ore  and  63 
of  ore  slag.  In  24  hours  2*2  tons  of  roasted  ore  were  smelted.  The 
consumption  of  coke  was  70  per  cent,  of  the  matte  produced.  Out 
of  100  parts  of  ore,  30  of  matte  were  obtained  with  from  13  to  19 
per  cent.  Ni.     The  composition  of  the  slag  is  given  above. 

^  Schnabel,  loc.  cit. 
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At  Klefva  in  Sweden,^  the  ores  above  mentioned  with  from  1 08 
to  2'3  per  cent.  Ni,  after  a  previous  roasting  in  heaps,  were  saieltcd 
in  Sumpf  {nmajces  with  five  tuyeres,  coke  and  wood  charcoal  being  the 
fuel.  The  furnaces  had  an  oblong  horizontal  section  about  4  feet  broad 
by  3  feet  3  inches  deep.  The  forehearth  extended  3  feet  beyond  the 
breast  of  the  furnace.  The  height  of  the  coke  furnace  was  12  feet 
6  inches,  that  of  the  wood  charcoal  furnace  19  feet  6  inches.  The 
charge  was  roasted  ore  with  some  unroasted  ore,  impure  ore-slag,  and 
slag  from  the  concentration  of  matte.  In  24  hours  34  tons  of  charge 
were  treated.  Out  of  this,  6*3  tons  of  matte  were  obtained,  containing 
4*7  per  cent,  nickel.  There  are  no  figures  given  for  fuel  consump- 
tion. The  length  of  a  campaign  was  2  months  when  coke  w^as  used, 
6  months  with  wood  charcoal.  According  to  Badoureau,  the  ores 
at  Sagmyrna  in  Sweden  ^  contained  in  the  unroasted  state  0*6  per 
cent,  of  nickel  and  07  per  cent,  of  copper ;  they  were  roasted  in 
heaps  and  then  smelted  in  furnaces,  trapezoidal  in  horizontal  section, 
13  feet  6  inches  in  height  (12  feet  6  inches  fi*om  the  level  of 
the  tuyeres  to  the  mouth),  and  3  feet  2  inches  across  from  front  to 
back.  The  number  of  tuyeres  was  5,  three  in  the  back  wall,  and 
one  in  each  side  wall.  (The  other  measurements,  the  blast-pressure 
and  the  type  of  furnace  are  not  stated  in  the  original  paper).    In 

24  hours  10  to  12  tons  of  ore  were  smelted,  but  the  consumption  of 
fuel  is  not  stated.  The  resulting  matte  contained  on  the  average 
4  per  cent,  of  nickel  and  4*5  per  cent,  of  copper. 

At  the  Ringeriges  Works,^  the  raw  ore  contained  on  the  average 
1'73  per  cent,  of  nickel,  0*81  per  cent,  of  copper,  and  30  per  cent,  of 
gangue.  It  was  roasted  in  heaps,  and  smelted  in  shaft  furnaces  6  feet 
6  inches  high,  3  feet  3  inches  deep,  3  feet  3  inches  wide,  constructed 
as  Sumpfofen,  with  3  tuyeres  (1  in  the  back,  1  in  each  side) ;  the 
matte  contained  from  5  to  6  per  cent,  of  nickel,  and  from  3'6  to  38 
per  cent,  of  copper.     The  charge  contained : — 100  parts  roasted  on*. 

25  parts  slag,  21  parts  coke. 

The  quantity  put  through  and  the  blast  pressure  are  not  given.  A 
campaign  lasted  three  weeks.  After  this  time  the  bed  of  the  fumact- 
was  so  thickly  encrusted  with  sows  of  iron  that  the  work  had  to  he 
suspended  until  they  were  removed. 

At  Kragero,  in  Norway,*  ores  which  unroasted  contained  1'25 
per  cent.  Ni  were  smelted  in  blast  furnaces  about  8  feet  high, 
refinery  slag  being  added  to  them  (slag  from   the  refining  of  the 

*  Balling,  MetaUhiiUenkundef  p.  566. 

2  Berg-  uml  HiiHenm.  Ztg.,  1878,  p.  186. 

•''  Schweder,  loc.  cit.  *  Dingier,  vol.  229,  p.  376. 
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matte),  and  the  resulting  product  contained  3  J  per  cent,  of 
nickel. 

At  the  Sesia  Works  (Varallo  in  Piedmont)  ^  the  ores  were  siliceous, 
and  contained  from  1*2  to  1-44  per  cent,  of  nickel.  They  were  smelted 
in  BrUlenofen,  6  feet  6  inches  high,  20  inches  wide,  and  24  inches 
deep,  with  one  tuyere  in  the  back,  2  inches  diameter  at  the  nose, 
with  a  blast  pressure  of  1 J  in.  mercury.  The  matte  contained  7  per 
cent,  of  nickel.  In  1878  the  charge  consisted  of: — 100  parts  roasted 
ores,  28  parts  limestone,  25  parts  clay,  37  parts  slag  from  the  con- 
centration or  refining  process;  15  parts  coke  were  used  to  100  parts 
charge-  In  24  hours  5*4  tons  of  charge  were  put  through.  100  parts 
ore  gave  32  matte,  and  150  slag. 

At  Sudbury  ^  the  ores  contain  on  the  average  3  per  cent,  of  nickel, 
and  undergo  a  single  roasting  in  heaps.  They  are  then  smelted  in 
Herreshof  water-jacket  furnaces,  round  or  elliptical,  constructed  as 
Spurofen,  and  provided  with  a  movable  fore- hearth  running  on 
wheels.  These  furnaces  are  from  6  feet  6  inches  to  10  feet  high 
from  the  tuyeres  to  the  mouth.  To  the  ores  is  added  a  slag  con- 
taining nickel  from  the  Bessemerising  of  the  matte.  The  product 
contains  from  15  to  25  per  cent,  of  nickel,  and  from  20  to  27  per 
cent,  of  copper.  The  water-jacket  keeps  the  temperature  so  low  that 
the  formation  of  iron  sows  is  much  diminished  or  altogether  avoided. 

At  the  works  of  the  Canadian  Copper  Company^  125  tons  of  ore 
are  smelted  in  24  hours  in  Herreshof  furnaces  about  9  feet  high, 
6  feet  3  inches  in  the  longer  side,  and  3  feet  3  inches  in  the  shorter 
side,  at  the  level  of  the  tuyeres.  The  consumption  of  fuel  is  15  per 
cent.  The  roasted  ore  has  such  a  composition  that  no  additions  are 
necessary.  The  15  tons  of  matte  obtained  contain  from  13  to  27  per 
cent,  of  copper,  from  15  to  23  per  cent,  of  nickel,  and  from  20  to 
30  per  cent,  of  sulphur.  From  selected  rich  ores  a  matte  is  frequently 
obtained  with  52  per  cent,  of  nickel.  At  present  there  are  nine 
furnaces  at  work  and  900  tons  of  ore  are  smelted  daily.* 

At  the  works  of  the  Ludwig  Mond  Company,  Victoria,  Sudbury,^ 
125  tons  of  ore  were  put  through  in  24  hours  at  a  blast  pressure  of 
3  ounces.  The  furnaces  were  rectangular  and  water-jacketed, 
18  feet  4  inches  in  total  height,  12  feet  6  inches  from  the  tuyeres  to 
the  throat,  3  feet  by  10  feet  in  the  clear  at  the  tuyeres,  and  3  feet 

*  Badoureau,  AmuMi&t  des  MUien,  1877,  p.  237.     Berg-  und  Hiitttnm.  Zty.y  1878, 
p.  186. 

*  Knut  Styffe,  Oesteer.  Ztit.,  1894,  p.  309.     Ehrenwerth,  loc.  rit.,  p.  368. 

3  Mineral  IndvMry,  p.  4i59,  1894.     Tmm,  A.I.M,E.,  1889.     Levat,  **  M^moires 
Hur  l6s  Progrts  de  la  M^taUurgie  du  Nickel,"  Ann.  dtn  Mintn,  1892. 

*  The  Min.  Iwi,,  1902,  p.  492.  *  Ihi(l.,.p.  494. 
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by  5  feet  8  inches  at  the  upper  end  of  the  mantles.  Reduction  of 
blast  pressure  increases  the  working  capacity,  and  it  is  thought  possible 
to  raise  the  quantity  put  through  to  200  to  250  tons  a  day.  The 
charge  consisted  of  1500  to  1800  lbs.  of  ore,  400  to  750  lbs.  of 
quartzose  ore  poor  in  nickel,  and  0  to  600  lbs.  of  converter  slag.  Each 
charge  weighed  about  2500  lbs.  and  required  300  lbs.  of  coke,  the 
consumption  of  the  latter  being  12  per  cent,  of  the  ore. 

&.   THE  REMOVAL  OF   IRON   FROM  THE  COARSE  MATTE,  OR  ITS 

REFINING 

The  removal  of  iron  from  nickel  and  nickel-copper  matte  with 
consequent  enriching  in  nickel  and  copper  can  be  brought  about  by 
roasting  the  mattes  and  smelting  the  product  in  shaft  furnaces  or 
reverberatories,  or  by  an  oxidising  smelting  of  the  matte  in  hearths, 
reverberatories  or  converters.  It  is  not  possible  to  remove  all  the  iron 
thereby :  a  certain  quantity,  generally  under  1  per  cent.,  remains,  so 
that  the  enriched  matte  is  not  strictly  iron-free. 

Conjcentratiou  before  refining  is  necessary  in  the  case  of  such 
mattes  containing  but  little  nickel,  as  are  frequently  produced.  This 
concentration  consists  in  an  oxidising  roasting,  followed  by  smelting 
in  shaft  furnaces  or  (less  often)  in  reverberatory  furnaces ;  it  may  be 
brought  about  in  one  operation  by  an  oxidising  smelting  in  a 
reverberatory  furnace. 

Although  concentration  is  seldom  resorted  to  now,  since  the 
mattes  from  the  ore-smelting  are  generally  of  such  a  nature  that 
they  can  be  refined  straightway,  yet  the  description  of  the  concen- 
tration process  can  hardly  be  left  out ;  so  that  we  have  to  consider : — 

(a)  The  preliminary  treatment  of  the  matte  on  concentration. 

(13)  The  refining  of  the  matte. 

a.   CONCENTRATION  OF  POOR  MATTE 

This  consists  in  an  oxidising  roasting,  followed  by  a  smelting  of 
the  product  with  coal,  and  bodies  containing  silica,  in  blast-furnaces, 
or  in  reverberatory  furnaces  ;  or  else  in  a  single  operation  only — an 
oxidising  fusion  in  a  reverberatory  furnace.  The  roasting  must  be 
conducted  so  that  in  the  subsequent  reduction  the  greater  part  of  the 
iron  passes  into  the  slag,  leaving  the  whole  of  the  nickel  and  copper 
and  part  of  the  iron  in  the  matte.  The  nickel  and  copper  content 
of  this  should  be  enriched  as  &r  as  is  possible  without  slagging  any 
considerable  amount  of  nickel.  Only  most  exceptionally  is  the  con- 
centration process  repeated  on  this  product. 
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Roasting  the  Coarse  Matte 

This  roasting  can  be  conducted  in  heaps,  stalls,  shaft  furnaces, 
reverberatory  furnaces  or  muffle  furnaces. 

The  chemical  changes  are  the  same  as  on  roasting  the  ore.  The 
product  consists  of  a  mixture  of  nickel  monoxide,  cupric  oxide,  ferric 
oxide  and  magnetic  iron  oxide,  undecomposed  sulphides  and  small 
quantities  of  sulphates. 

Boasting  in  heaps  has  the  disadvantages  already  detailed  under 
roasting  of  ore.  The  gciseous  products  are  discharged  into  the  air, 
and  as  repeated  operations  are  required,  much  valuable  capital  is  thus 
compelled  to  lie  idle.  It  has  the  advantage  that  the  roasted  product 
piisses  into  the  blast  furnace  in  large  pieces.  It  is  best  if  carried  on 
in  sheds  protected  by  a  roof,  to  avoid  the  washing  away  of  nickel  and 
copper  sulphates  b)^  rain.  The  operation  is  conducted  similarly  to  ore 
roasting ;  but  as  the  amount  of  sulphur  is  smaller,  and  the  quantity 
of  material  available  is  less,  the  heaps  are  also  smaller  than  ore- 
heaps  (from  50  to  200  tons).  For  a  complete  desulphurisation  of 
the  matte  three  or  five  burnings  are  usually  required.  In  the  last 
one  combustible  material  (wood  and  wood  charcoal)  is  laid  in  layers  in 
the  heaps,  to  obtain  sufficient  heat.  The  well  roasted  part  of  the 
ore  is  picked  out  after  each  burning,  the  superficial  layers  and  the 
badly  roasted  parts,  afber  the  pieces  are  broken  up,  are  made  up  with 
badly  roasted  ore  from  other  heaps  to  form  a  new  heap.  The  bed  of 
the  heap  is  made  of  brushwood,  and  coal,  or  of  billets  of  wood.  The 
heaps  bum  several  weeks  or  months,  according  to  their  size  and  the 
amount  of  sulphur  in  the  matte. 

Such  roasting  in  heaps  can  take  place  only  in  places  where  the 
noxious  gases  may  be  passed  into  the  air,  and  where  sulphuric  acid 
has  no  value.     Such  was  the  case  in  Sweden  and  Norway. 

Roasting  in  stalls  is  not  cheaper  than  in  heaps,  and  endangers 
the  health  of  the  workers  when  the  stalls  have  to  be  emptied.  Never- 
theless with  a  right  management  of  the  air-supply  it  can  be  carried 
on  more  quickly  than  the  other  method,  and  it  possesses  this  advan- 
tage, that  all  noxious  effects  of  the  gases  can  be  lessened  or  removed 
by  the  use  of  high  chimneys.  By  this  method,  too,  the  roasted 
matte  enters  the  furnace  in  large  pieces.  Here  again  several  burn- 
ings are  necessary  if  the  sulphur  is  to  be  completely  got  rid  of. 

These  stalls  have  been  used  in  Sweden,  Norway  and  Piedmont. 
In  ElefVa  ^  each  held  50  tons  matte.  The  roasting  lasted  6  or  6 
weeks^  In  Sagmyma  (Sweden)  a  stall  held  25  tons,  and  the  matte 
went  through  four  or  five  burnings. 

'  Balling,  loc.  ci(. 
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In  the  Sesia  works  at  Varallo  ^  the  matte  was  roasted  four  time? 
in  stalls,  in  charges  of  20  tons.  E^h  roasting  lasted  5  to  8  days. 
At  the  last  roasting  coke  was  introduced  in  layers.  One  ton  of  wood 
was  used  to  roast  20  tons  of  matte. 

At  the  Scopello  works  in  Piedmont  ^  there  were  Wellner  stalls 
for  the  roasting  of  matte.  These  are  stalls  without  a  grate,  but  with 
a  sloping  bottom,  which  has  fireplaces  in  one  of  the  narrower  sides. 
The  length  of  a  kiln  was  from  8  to  10  feet  inside,  width  10  to  III 
feet.^  It  had  four  fireplaces,  and  held  about  25  tons  of  matte.  The 
matte  at  these  works  required  two  to  four  burnings.  The  roasting 
of  one  charge  lasted  15  hours. 

Roasting  in  shaft  f^imaces  is  suitable  when  the  gases  have  to  bo 
rendered  innocuous,  or  can  be  converted  into  sulphuric  acid.  The 
necessary  condition  is  that  the  matte  should  not  sinter  easily.  In 
that  case  the  roasting  of  this  matte  can  be  carried  on  in  kilns  in  a 
similar  way  to  the  roasting  of  copper  and  lead  matte.  Up  till  now 
this  method  of  roasting  has  not  been  used. 

Roasting  in  reverbe^^atory  fui^naces  is  the  best  way  if  the  gaseous 
products  can  be  ignored.  The  roasting  is  completed  in  the  shortest 
time,  and  it  can  be  stopped  at  the  exact  point  desired.  Nevertheless, 
it  has  the  drawbacks  that  there  is  a  comparatively  large  consumption  of 
fuel,  and  that  the  matte  must  be  in  small  pieces,  and  therefore  passes 
in  this  form  into  the  blast  furnaces  for  smelting.  The  noxious  effect 
of  the  gases  is  diminished  by  the  use  of  very  high  chimneys. 

The  same  sort  of  reverberatory  furnaces  that  are  described  in 
Vol.  I.  for  the  roasting  of  copper  matte  are  suitable  for  this  roasting. 
Such  a  method  was  used  at  the  Isabella  works  at  Dillenburg.* 

The  matte  there  contained  from  13  to  20  per  cent.  Ni,from  16  t«' 
23  per  cent.  Cu,  and  from  22  to  27  per  cent.  S.  It  was  roasted  in 
hand-worked  short  reverberatory  furnaces  of  the  form  and  dimension 
of  the  lower  portion  of  the  old  double  Mansfield  furnace.  A  chargt 
of  half  a  ton  was  roasted  in  10  hours ;  for  this  half  ton  one-fifth  of 
a  ton  of  coal  was  needed,  and  71  per  cent,  of  the  sulphur  was  got  rid 
of  in  the  roasting. 

The  roasting  is  carried  on  with  greater  advantage  in  long-bedded 
calcining  furnaces,  and  mechanical  calciners,  than  in  those  of  the 
ordinary  type. 

Muffle  furnaces  facilitate  the  use  of  the  gases  for  sulphuric  acid 
manufacture;  but, like  reverberatory  furnaces, they  entail  a  preliminiiry 
reduction  of  the  matte  to  small  size,  and  a  large  consumption  of  fuci. 

^  Badoureau,  Btry-  und  Hiitteiim.  Zly,^  1878,  p.  186. 

■^  Badoureau,  loc.  cit.  ^  See  vol.  i.  p.  43.  ■*  Schnabel,  loc,  cii. 
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Up  till  now  they  have  not  been  used  for  this  purpose.  They  would 
be  suitable  if  the  gaseous  products  were  to  be  utilised,  and  for  a 
matte  that  sinters  easily  and  so  does  not  lend  itself  to  roasting  in  a 
shaft  furnace. 

Smelting  of  Bocisted  Coarse  Matte  into  Concentrated  Matte 

This  smelting  is  carried  on  in  blast  furnaces  or  reverberatory 
furnaces.  It  consists  in  the  smelting  of  oxides,  sulphates  and 
undecomposed  sulphides  of  the  various  metals.  Reverberatory  fur- 
naces are  used  in  England ;  the  others  in  Scandinavia  and  on  the 
Continent.  Reverberatory  furnaces  have  this  advantage,  that  iron 
sows  are  not  formed  in  them. 

Suielting  of  Roasted  Matte  in  Blast  Furnaces 

The  furnaces  are  of  the  same  type  as  for  ore  smelting.  They 
must  not  be  too  high,  as  otherwise  the  reducing  action  of  the  carbon 
raouoxide  is  too  powerful,  so  that  sows  are  formed.  To  decrease 
the  probability  of  sows  the  furnace  is  arranged  as  a  Spurofen, 
generally  a  double  gutter  furnace  with  two  eyes,  the  so-called  Brillen- 
t[fcn  or  "  spectacle  "  furnace.  The  fixed  fore-hearth  and  the  crucible 
arrangement  are  both  conducive  to  the  formation  of  sows. 

For  the  slagging  of  the  iron,  acid  slag  from  the  working  of  the 
ure  is  added,  or  quartzose  ore,  or  ore  mixed  with  acid  silicates  in  such 
a  way  that  a  monosilicate  slag  results.  The  blast  pressure  is  0*6 
to  1*2  in.  mercury.  The  chemical  changes  are  just  the  same  as  in  the 
smelting  of  roasted  ore,  except  that  there  is  no  earthy  matter  to 
pass  into  slag. 

The  products  are  concentrated  matte,  slag,  and  frequently  iron 
?ows  as  well.  If  this  concentrated  matte  is  still  poor  in  nickel,  as 
ased  to  be  the  case  at  some  of  the  Scandinavian  works,  the  processes 
)f  roasting  and  smelting  must  be  repeated.  In  this  repetition  the 
iron,  down  to  a  small  fraction,  is  separated  from  the  matte,  and  this 
atter  is  dead  roasted  and  afterwards  converted  into  copper-nickel. 

At  Dillenburg,  at  the  Isabella  works,  the  coarse  matte  contained 

rom  13  to  19  per  cent.  Ni,  from  14  to  22  per  cent.  Cu,  and  from  85 

;o  44  per  cent.  Fe.     The  concentrated  matte  obtained  from  it  had 

he  following  composition  : — ^ 

I.  II.  III. 

Cu 34-49  .    .  3.5-68  .    .  4966 

Ni   .  28-69  .    .  32-93  .    .  30-19 

Fe L5-58  .    .  1303  .    .  924 

S 21-15  1817  10-91 

*  Sohnabel,  loc.  cif. 
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At  present  mattes  nontaining  13  to  19  per  cent,  of  nickel  and  14 
to  22  per  cent,  of  copper  are  treated  directly  for  refined  matte. 

At  Elefva,  in  Sweden,  the  concentrated  matte  contained  from  52 
to  57  per  cent.  Ni ;  22  to  28  per  cent.  Cu. 

At  Sagmyma,  in  Sweden,  its  composition  was :  6rom  25  to  26  per 
cent.  Ni,  from  25  to  30  per  cent.  Cu,  26  per  cent.  Fe,  and  from  25  to 
30  per  cent.  S. 

At  Kragero,  in  Norway :  30  per  cent.  Ni,  and  15  per  cent.  Cu. 

At  Sesia  works,  Piedmont :  from  28  to  32  per  cent.  Ni,  from  48 
to  52  per  cent.  Fe,  and  20  per  cent.  S. 

At  St.  Blasien :  from  24  to  26  per  cent.  Ni. 

In  such  concentrated  matte,  nickel  and  iron  exist  partly  as  mono- 
sulphides,  partly  as  separated  metals  dissolved  in  these  In  the 
cooling  of  the  fused  matte  the  metals  frequently  separate  out  in 
large  crystals.  A  very  poor  concentrated  matte  was  produced  at  the 
Ringeriges  works,  in  Norway.^  The  original  coarse  matte  contained 
5  or  6  per  cent,  nickel ;  the  concentrated,  only  fix)m  10  to  12  nickel 
and  from  7  to  10  per  cent,  copper ;  apparently  this  resulted  fix)m  very 
incomplete  roasting  of  the  matte.  According  to  Ebermayer  the  slag 
from  the  concentration  process  from  the  Aurora  works  at  Gladenbach 
had  the  following  composition : — - 

Silica 39-368 

Alumina 9696 

Ferrous  oxide 36'859 

Cupric  oxide 0*521 

Nickelous  oxide 1187 

Magnesia 6*871 

Lime 5*865 

Potash 0*207 

Soda 0-994 

A  specimen  of  the  slag  at  Klefva  had  this  composition : — ^ 

Silica 28*09 

Alumina 3*50 

Ferrous  oxide 60*52 

Cobaltous  oxide     \ 

Nickelous  oxide     !-....  1*44 

Manganous  oxide  j 

Sulphur 0*58 

^  Schweder,  loc.  cit.  ^  Schnabel,  loc.  cit, 

'  Kerl,  MefMhiiUenkunde,  p.  543. 
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This  slag  is  added  to  the  ore  in  ore-smelting  to  recover  the  nickel 
contained  in  it 

The  iron  sows  have  a  similar  composition  to  those  formed  in 
ore  smelting.  One  at  the  Riugeriges  works  contained  20  per 
cent,  nickel  and  1'5  per  cent,  copper.  These  are  put  in  with  the  ore 
in  ore  smelting,  or  worked  up  on  the  refining  hearths. 

At  Klefva,  in  Sweden,^  the  coarse  matte  was  roasted  installs.  It 
contained  before  roasting  fi*om  3  to  4  per  cent,  of  nickel ;  it  was 
smelted  in  a  blast  furnace  about  5  feet  high,  with  one  tuyere  in  the 
hack  wall.  The  product  contained  from  45  to  57  per  cent,  of  nickel ; 
the  coke  used  was  25  per  cent,  of  the  roasted  coarse  matte :  quartz 
was  added  to  the  charge. 

At  the  Ringeriges  nickel  works  in  Norway  the  coarse  matte  con- 
tained from  5  to  6  per  cent,  of  nickel.  It  was  smelted  in  blast 
furnaces  6^  feet  high,  and  gave  a  concentrated  matte  with  from  10  to 
12  per  cent,  nickel,  and  ftt)m  7  to  10  per  cent,  copper.  The 
charge  was : — 

100  parts Roasted  matte. 

25     „ Slag. 

6  to  7    „ Sand. 

5     „ lime. 

22     „ Coke. 

The  campaigns  of  the  furnace  lasted  only  8  to  10  days,  owing  to 
the  formation  of  iron  sows  rich  in  nickel  (19  or  20  per  cent.).  At 
Kragero,  in  Norway,*  the  original  matte  contained  from  3  to  4  per 
i^ent.  of  nickel ;  after  roasting  it  was  smelted  in  a  blast  furnace  about 
i  feet  3  inches  high,  38  inches  wide,  and  25  inches  deep.  The  con- 
centrated product  contained  30  per  cent,  of  nickel  and  15  per  cent. 
)f  copper.  This  matte  was  roasted  and  then  smelted  in  the  same 
nrnace,  and  was  converted  into  a  matte  with  60  per  cent.  Ni,  30  per 
;ent.  Cu,  and  10  per  cent.  S.  This  last  was  completely  roasted,  and 
imelted  to  copper-nickel. 

At  the  Sesia  works  at  Varallo,*  Piedmont,  the  raw  matte  contained 
'  per  cent,  of  nickel  and  cobalt ;  it  was  smelted  in  a  blast  furnace  with 
he  addition  of  42  per  cent,  quartz,  and  the  product  was  a  matte 
rith  from  28  to  32  per  cent.  Ni,  from  48  to  52  per  cent.  Fe,  and  20  per 
ent.  S.  The  daily  output  was  8*5  tons ;  100  parts  coarse  matte  gave 
2  parts  concentrated.  To  get  100  parts  of  the  latter  17*5  parts  of 
oke  were  used  (dimensions  of  furnace  not  given). 

1  Balling,  loc.  eU,  ^  Dingier,  vol.  229,  p.  376. 

'  Badoureau,  loc.  eit. 
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At  the  Isabella  works  in  Dillenbvirg  the  original  matte  contain^l 
from  13  to  19  f^er  cent,  of  nickel,  and  was  roasted  in  reverberatorit*. 
It  was  smelted  in  blast  furnaces  to  a  concentrated  matte,  with  from 
28  to  30  per  cent.  Ni,  and  from  34  to  49  per  cent.  Cu.  The  furnact^ 
were  low  blast  furnaces,  with  one  tuyere  in  the  back  wall,  5  feet 
high,  2  feet  4  inches  wide  and  deep^  arranged  as  '*  Brillawfd 
The  blast  was  16  inches  mercury.  The  campaigns  lasted  from  14 
days  to  3  weeks.  From  100  parts  coarse  matte  32  parts  concentnitd 
matte  used  to  be  obtained.  In  24  hours  1*25  tons  of  the  roasw^ 
matte  was  put  through.  The  quantity  of  coke  is  55  per  cent,  "l 
coarse  matte ;  this  is  very  high,  and  is  caused  by  the  low  furnace. 

Smelting  Boasted  Matte  in  Beverberatory  Fnmaces 

These  reverberatory  furnaces  are  arranged  just  as  those  for  iht 
concentration  of  copper  matte  after  the  English  method.  To  th^ 
roasted  matte  there  is  added  a  certain  quantity  of  quartz,  or  glass,  io 
slag  the  iron.  The  iron  is  partly  slagged  by  the  action  of  the  quarts 
lining  of  the  hearth. 

The  chemical  changes  in  the  smelting  of  the  roasted  matte, 
already  referred  to,  are  as  follows.  Ferric  oxide  is  reduced  to  ferrous 
oxide  by  the  undecomposed  sulphide  of  iron  present ;  this  passes 
into  the  slag,  and  sulphur  dioxide  is  formed ;  a  further  quantity  of 
sulphide  of  iron  is  changed  to  ferrous  oxide  by  the  nickel  and  coppr 
oxides,  and  also  slagged,  the  oxides  of  these  metals  meanwhile 
becoming  sulphides  ;  further  copper  oxide  and  undecomposed  copper 
sulphide  give  metallic  copper  and  sulphur  dioxide.  This  cop{)er  i> 
reconverted  into  sulphide  at  the  expense  of  some  iron  sulphide. 
The  iron  thus  separated  is  partly  taken  up  by  the  matte,  partly  acb 
upon  a  corresponding  amount  of  ferric  oxide,  giving  more  fern'i;> 
oxide  to  be  slagged.  There  is  no  action  between  nickel  oxide  anl 
sulphide.  The  various  metallic  sulphides  unite  to  form  the  concfii- 
trated  matte. 

This  method  of  concentration  was  formerly  used  at  SagmjTna,  in 
Sweden,  where  the  matte,  containing  from  13  to  14  per  cent,  of  nicke- 
was  first  treated  with  dilute  sulphuric  iicid  to  separate  some  of  th* 
iron ;  then  roasted,  and  smelted  in  reverberatories  with  a  quartz  flii> 
giving  a  matte  of  35  per  cent.  Ni,  40  per  cent.  Cu  and  04  per  cent.  Fr. 

Tlie  Oxidation  of  Coarse  Matte  in  Beverleratory  Furnaces 
This  is  done  in  the  same  manner  as  the  oxidising  of  copper  malu 
in  England.    The  unroasted  matte  is  charged  in  a  reverberatory  furnan 
on  a  sand  bed,  and  first  subjected  to  a  partial  roasting,  which  remuvt- 
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part  of  the  sulphur  and  oxidises  the  iron ;  then  the  temperature  is 
raised  and  the  whole  smelted  with  the  addition  of  sand.  The  iron 
passes  into  the  shig,  and  the  nickel  and  copper  present  form  a  matte. 
The  process  is  finished  when  samples  from  the  furnace  show  that  the 
greater  part  of  the  iron  has  been  removed.  It  lasts  about  8  hours. 
In  England  a  furnace  produced  2  tons  of  matte  daily,  with  consumption 
of  2  tons  of  coal.  Matte  was  obtained  with  only  from  2  J  to  3  per  cent, 
of  iron.  The  slag  contained  from  2  to  2^  per  cent,  of  nickel.  This 
was  added  to  first  ore-smeltings.  By  the  repetition  of  the  oxidation 
(which  may  be  looked  upon  as  the  refining  of  the  matte)  the  pro- 
portion of  iron  was  brought  down  to  0*5  or  075  per  cent.^ 

fi.    THE  REFINING  OF  THE  COARSE  MATTE  OR  THE  CONCENTRATED 

MATTE 

The  refining  of  the  matte  can  be  effected  by  an  oxidising  roasting 
followed  by  a  reducing  smelting,  or  by  an  oxidising  fusion  of  the 
matte.  In  both  cases  the  iron  is  converted  into  ferrous  oxide  and 
slagged  oflF.  The  former  method,  except  in  special  cases,  is  dearer 
and  more  lengthy,  and  yields  a  less  pure  matte  than  the  oxidising 
smelting  method.  At  the  present  day  the  converter  process  is  most 
frequently  used  for  the  removal  of  iron  from  matte. 

The  smaller  the  quantity  of  iron  to  be  removed  from  the  matte, 
the  quicker  and  the  less  attended  by  loss  is  the  oxidising  fusion. 
Samples  with  less  than  13  per  cent,  of  nickel  are  rarely  subjected  to 
this  process,  and,  unless  great  loss  of  nickel  were  to  occur  in  the 
slag,  these  would  give  a  matte  still  containing  an  appreciable  quantity 
of  iron,  which  would  necessitate  a  second  purification. 

Roasting  of  the  matjie  followed  by  smelting  in  shaft  furuEuies  is 
used  at  the  works  of  the  Orford  Copper  Co.,  at  Copper  ClifF.^  The 
nickel  copper  matte  is  prepared  at  the  works  of  the  Canadian 
Copper  Co.  at  Sudbury,  and  sent  for  treatment  to  Copper  Cliff. 
The  roasting  takes  place  in  Brown  furnaces  as  in  the  case  of  copper 
ores  (vol.  i.  p.  98);  the  smelting  in  Orford  shaft  furnaces  such  as 
are  used  for  copper  ores  (vol.  i.  p.  134).  An  Orford  furnace  puts 
through  100  tons  of  roasted  matte  in  24  hours,  and  produces  a  matte 
containing  80  per  cent,  of  nickel  and  copper. 

The  plant  for  the  oxidising  fusion  consists  of  hearths,  converters 
or  reverberatory  furnaces.  In  hearths  only  small  quantities  of  matte 
can  be  worked.     The  use  of  them  renders  a  large  consumption  of 

1  Levat,  Ann.  des  Mines,  1892,  Bk.  2.  pp.  141-244. 
«  Tht  Min.  Ind.,  1902,  p.  495. 
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fuel  and  labour  necessary.  They  have  been  used  in  Scandinavia  and  od 
the  Continent,  but  have  fallen  into  disuse  owing  to  these  drawbacks. 

Converters  permit  of  the  working  of  large  quantities  of  matte  in  the 
shortest  time,  and  need  only  a  very  small  quantity  of  fiiel  to  fuse  the 
matte  (if  this  is  not  run  directly  into  the  converters  in  the  liquid 
state  from  the  furnaces  in  which  it  is  produced),  and,  further,  they 
ensure  a  more  complete  separation  of  arsenic  and  antimony  than 
hearths  and  reverberatory  furnaces.  But  they  demand  a  blast  with 
high  pressure,  and  much  fire-proof  material  for  lining  and  renewing 
linings,  whilst,  during  the  operation,  large  quantities  of  sulphur  dioxide 
are  set  free,  which  it  is  most  difficult  to  prevent  being  noxious. 

In  spite  of  these  objections  they  are  preferred  to  reverberatoiy 
furnaces,  wherever  power  is  cheap,  impure  mattes  have  to  be  treated, 
and  fuel  is  dear  whilst  refractory  materials  are  cheap.  They  are 
usedwith  good  result  at  Sudbury,  in  Canada,  and  on  the  Continent 

Reverberatory  furnaces  can  be  managed  more  cheaply  than 
hearths,  and  use  raw  fuel.  The  gases  produced  are  comparatively 
poor  in  sulphur  dioxide,  and  can  be  rendered  harmless  by  passing 
into  high  chimneys.  They  are  used  where  converters  are  not  con- 
venient fi'om  the  noxious  nature  of  their  gases,  or  fi'om  not  being 
adapted  for  small  production ;  and  where  coal  is  very  cheap.  They 
are  specially  used  in  England. 

The  chemical  changes  in  these  various  arrangements  are  the 
same,  only  they  take  place  more  rapidly  in  the  converters  than  in 
the  other  forms. 

The  iron  is  converted  into  ferrous  oxide  by  the  oxygen  of  the  air, 
and  slagged  by  the  silica  of  the  furnace  lining,  or  by  siliceous  matters 
added.  Besides  the  iron  a  certain  amount  of  nickel  and  of  copper 
is  oxidised,  to  the  lower  oxide  in  each  case.  Nickel  monoxide  with 
iron  sulphide  forms  nickel  sulphide  and  ferrous  oxide.  Cuprous 
oxide  and  copper  sulphide  form  copper  and  sulphur  dioxide,  cuprous 
oxide  and  iron  sulphide  form  copper  sulphide,  iron,  ferrous  oxide 
and  sulphur  dioxide.  Separated  copper  takes  sulphur  from  any  iron 
sulphide  remaining,  and  sets  iron  free,  which  passes  into  the  matte. 

Finally  there  results  a  matte  of  nickel  and  copper  sulphides  with 
less  than  one  per  cent,  of  iron. 

Refining  of  the  Matte  in  Hearths 

This  process  was  used  formerly  at  Dillenburg  and  Gladenbach  and 
in  Norway  and  Sweden.  Although  now  only  of  historical  interest, 
a  description  of  it  may  not  be  out  of  place. 
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The  hearth  is  constructed  exactly  like  the  saiall  refining  hearth 
used  for  copper.^  It  consists  of  a  cavity,  hollowed  in  powdered 
quartz  or  sandstone,  approximately  hemispherical  in  shape,  and  over 
it  is  a  chimney-hood.  It  contains  according  to  size  from  1^  to  5 
cwts.  of  matte.  In  front  of  the  hearth  there  is  generally  a  small 
slag  hearth,  in  which  the  slag  from  the  former  collects.  The  nickel- 
copper  matte  is  either  run  oflF  by  a  tap-hole  in  the  deepest  part  of 
the  hearth  into  a  cavity  in  front,  or  else  taken  out  of  the  hearth 
after  cooling.  There  is  one  tuyere  in  the  back  wall  of  the  hearth  ; 
it  has  an  inclination  of  from  22°  to  32°. 

At  the  Isabella  works  the  hearth  of  powdered  sandstone  was 
about  14 J  inches  in  diameter,  8  J  inches  deep.^  The  charge  was 
187  lbs.     The  pressure  was  1*2  inches  mercury. 

After  the  hearth  was  sufficiently  dried  by  wood  charcoal,  the 
concentrated  matte  was  melted  with  coke.  After  the  lapse  of  If 
hours  the  melting  was  complete.  The  fuel  was  then  removed,  and 
the  slag  floating  on  the  surface  of  the  matte  blown  cold  and 
removed.  Again  fuel  was  piled  up,  and  the  oxidising  blast  used 
until  a  certain  quantity  of  slag  had  collected,  when  it  was  again 
removed  in  the  same  way.  The  indication  that  iron  was  wholly 
removed  from  the  matte  was  the  appearance  of  an  enamel-like 
lustre  in  the  solidified  slag:  this  generally  appeared  f  hour  after 
complete  fusion.  The  working  of  one  charge  lasted  2^  hours.  After 
the  stoppage  of  the  blast  the  nickel-copper  matte  was  run  into  a 
cavity,  lined  with  brasque,  in  the  floor  of  the  works,  whereby  it  re- 
ceived the  form  of  a  slab  4  feet  3  inches  long,  1  foot  broad,  and  2  inches 
thick.  On  the  average  13^  cwts.  of  matte  were  blown  in  24  hours. 
Out  of  100  parts  concentrated  matte  (with  from  28  to  32  per  cent. 
Xi  and  fix)m  34  to  49  per  cent.  Cu)  there  were  obtained  62  parts 
nickel-copper  matte  with  from  39  to  42  per  cent.  Ni  and  from  40 
to  42  per  cent.  Cu.  For  100  parts  of  this  latter,  72  of  coke  were 
required,  and  two  men  worked  one  hearth.  The  approximate  com- 
position of  the  nickel-copper  matte  may  be  seen  from  the  following 
walyses  by  Fresenius  : — 


I. 

Cu 42-81 

Ni 40-97 

Co 0-28 

Fe 0-23 

Sb 004 

As 016 

S 1519 

Residual  matter  .   .  0  04 


II. 

44-70 

39-68 

0-64 

0-20 

0.90 

007 

1.3'55 

0-02 


III. 

40-72 

42-38 

0-78 

0-48 

1-22 

004 

13-9.-) 

014 
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This  matte  consisted  of  a  mixture  of  metallic  sulphides  and 
metals,  the  latter  including  arsenic  and  antimony.  It  may  be  seen 
that  the  iron  is  reduced  to  a  mere  fraction  per  cent.  It  is  hardly 
wise  to  attempt  to  remove  this  last  trace,  as  a  considerable  quantity 
of  nickel  would  thus  be  slagged  off. 

Further,  arsenic  and  antimony  remain  in  appreciable  proportion 
in  this  matte.  The  refining  slag  contains  nickel,  partly  chemically 
combined,  partly  mixed  mechanically,  on  account  of  its  high  specific 
gravity. 

The  composition  of  such  a  slag  at  the  Aurora  Works  at  Gladen- 
bach,  where  refining  is  carried  on  in  the  same  way  as  at  Dillenburg, 
is  shown  by  the  following  analysis  by  Ebermayer : — 

SiOj  36291 

AI2O3 10710 

FeO  48-690 

CuO  1074 

NiO  2142 

CoO  0262 

MgO  0-309 

CaO  0-680 

Alkali Traces. 

At  the  Isabella  Works  the  loss  of  metal  in  refining  was  19  ptr 
cent,  of  copper  and  49  per  cent,  of  nickel.  These  metals  were  for  the 
most  part  recovered,  inasmuch  as  the  slag  was  added  in  smelting  ore. 

At  Klefva,^  the  hearth,  made  of  quartz-sand,  took  a  charge  ut 
about  5|  cwts.  The  tuyere  had  an  inclination  of  32°.  To  slag  tht 
iron-quartzose  sand  was  thrown  from  time  to  time  on  to  the  moltvn 
charge.  Wood  charcoal  was  used  as  fuel.  The  refined  matte,  known 
as  Garstein,  had  the  following  composition : — 

Ni  6106 

Cu  3073 

S  7-79 

Fe  0-42 

At  the  Ringeriges  Works,^  a  poor  matte  containing  only  from  10 
to  12  per  cent,  of  nickel  and  from  7  to  10  per  cent,  of  copper  was 
treated  in  the  hearth.  The  matte  resulting  contained  so  much  Iph: 
that  it  had  to  undergo  further  refining,  which  was  carried  on  in  a  n- 
verberatory  furnace.     The  matte  refined  on  the  hearth  contained  :— 

Ni      from  40  to  50  per  cent. 

Cu      „    20   „  30       „ 

Fe       „      6   ,.  10       „ 

S „    20   „  22       „ 

^  BaUing,  for.  riL  ^  Sohweder,  toe,  cit. 
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lUfining  of  Matte  in  Beverberatory  Fwnaces 

The  reverberatory  furnaces  for  this  purpose  are  constructed  like 
those  used  in  England  for  refining  copper  matte.  The  hearth  is 
made  of  quartz.  Quartz  is  added  to  slag  the  iron ;  heavy  spar  may 
also  be  added. 

Silica  reacts  with  barium  sulphate  to  form  barium  silicate  and  sul- 
phur trioxide,  which  latter  is  decomposed  into  the  dioxide  and  oxygen.^ 
Oxygen  thus  formed  seems  to  have  a  specially  marked  action  on  iron 
sulphide.  Since  oxidation  in  a  reverberatory  furnace  is  less  strong 
than  in  hearth  furnaces  and  converters,  there  is  frequently  obtained 
a  matte  with  25  to  3  per  cent,  iron  ;  in  which  case  the  process  is 
repeated.  Also  arsenic  and  antimony  are  not  so  easily  got  rid  of 
as  they  are  in  hearths,  and  much  less  easily  than  in  converters. 

The  process  is  generally  so  arranged  that  there  is  at  first  a 
somewhat  low  temperature,  as  in  the  roasting  fusion  of  copper 
matte,  so  that  a  sort  of  roasting  of  the  matte  takes  place ;  after  the 
addition  of  quartz  sand,  the  temperature  is  raised. 

The  process  is  used  in  England  and  on  the  Continent.  In 
England  ,2  it  is  carried  on  in  two  operations ;  the  first  has  already 
been  spoken  of  under  concentration  of  coarse  matte,  and  yields  a 
concentrated  matte  with  from  2*5  to  3  per  cent,  of  iron.  The  second 
operation  (refining  proper)  is  conducted  exactly  like  the  first  (after 
the  principle  of  the  roasting  fusion  of  copper  matte),  and  yields  a 
matte  with  from  0*5  to  075  per  cent,  of  iron.  The  proportion  of 
sulphur  in  the  refined  material  must  be  at  least  16  per  cent.,  in  order 
that  it  may  be  readily  crushed  down  to  the  size  necessary  for  the 
later  dead  roasting.  The  length  of  each  operation  is  about 
8  hours.  During  one  day  2  tons  of  matte  are  worked  up  in  the 
furnace,  consuming  an  equal  weight  of  coal.  The  slag  which  holds 
from  2  to  2^  per  cent,  of  nickel  is  added  in  a  first  smelting  operation. 
At  the  Ringeriges  Works,  a  matte  which  was  at  one  time  refined 
n  reverberatory  furnaces  after  having  been  purified  by  a  blast, 
x)ntained  from  40  to  50  per  cent.  Ni,  from  20  to  30  per  cent.  Cu, 
ind  from  6  to  10  per  cent.  Fe.  To  every  100  parts  of  this  Garstein 
rere  added  from  45  to  60  parts  heavy  spar,  and  from  20  to  30  parts 
and.  The  firing  was  continued  until  the  evolution  of  gases,  chiefly 
fllphiir  dioxide,  was  finished.  Then  the  slag  was  drawn  off,  and 
he  refined  matte  tapped. 

According  to  Wagner,  it  is  possible  to  obtain  a  matte  almost  free 
t)m    iron  by  smelting  matte  already  purified  by  the  blast  with  a 

^  Schweder,  loc.  cit,  '^  Levat,  loc.  cit, 
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mixture  of  saltpetre  and  soda,  either  in  crucibles  or  in  rever- 
beratory  furnaces.  A  matte  containing  2532  per  cent  Ni,  37*65 
per  cent.  Cu,  1058 per  cent.  Fe,  and  2645  S,  yielded,  when  smelted 
with  15  per  cent,  mixed  saltpetre  and  soda,  a  matte  with  40*93  per 
cent.  Ni,  58*64  per  cent.  Cu,  0*25  per  cent.  Fe,  and  018  per  cent.  S. 
This  method  appears  not  to  have  come  into  use,  for  economic  reasons. 

Refining  of  Matte  in  Converters 

The  converters  are  constructed  like  those  for  purifying  copper- 
matte  by  the  blast,^  and,  like  them,  have  quartz  linings.  They 
are  made  like  Bessemer  converters,  and  also  in  the  form  of  cylinders 
which  can  be  rotated.  The  openings  of  the  tuyeres  at  the  sides  must 
lie  at  a  certain  distance  above  the  bottom.  If  the  blast  entered 
through  the  bottom  of  the  converter,  the  nickel-copper  matte  collected 
there  would  soon  be  solidified.  The  matte  is  run  directly  into  the 
converter  out  of  the  furnace  in  which  it  was  produced,  or  else  meiknl 
beforehand  in  a  cupola  furnace.  The  charge  in  the  converter  is  from 
1  to  6  tons  of  matte ;  the  pressure  up  to  16  in.  mercury.  During 
the  blow  quartz-sand  is  added,  to  slag  the  iron  and  save  the  lining. 
The  length  of  the  blow  varies,  according  to  the  content  of  iron,  fron) 
25  minutes  to  \\  hours.  At  some  works  several  charges  are  blown, 
one  after  the  other,  so  that  3  to  4  hours  may  be  taken  ftonx  the 
beginning  of  the  first  blow  to  the  pouring  of  the  second  or  third 
charge. 

With  matte  containing  36  per  cent,  of  iron  the  time  of  the  blow  is 
1  hour  20  minutes  (at  the  works  near  Havre).  When  the  proportion 
of  iron  has  gone  down  to  0*5  per  cent.,  the  blast  is  stopped  and  the 
matte  poured.  The  slag  produced  in  this  process  is  past}',  and 
contains  from  2  to  15  per  cent,  of  nickel,  as  well  as  2  per  cent  vf 
copper,  partly  as  silicates,  partly  enclosed  mechanically.  This  is 
returned  to  the  ore-smelting  process. 

At  Sudbury  the  coarse  matte  treated  in  converters  contains  from 
16  to  25  per  cent,  of  nickel,  from  20  to  27  per  cent,  of  copper,  and 
from  25  to  35  per  cent,  of  iron.  The  matte  should  contain  a  certain 
amount  of  sulphur  (16  per  cent.)  in  order  that  it  may  be  readily 
broken  up  for  the  ensuing  roasting. 

Attempts  to  separate  metallic  nickel  by  farther  application  of  the 
blast  to  the  matte  after  the  iron  has  been  removed  have  been 
unsuccessful,  because  nickel,  up  to  a  certain  stage,  is  more  easily 
oxidised  than  sulphur,  and  because  the  heat  set  free  by  the  oxida- 

J  Vol.  i.  p.  214. 
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tioQ  of  the  sulphur  is  not  sufficient  to  fuse  and  to  keep  fused  the 
nickel  with  its  high  melting  point. 

In  illustration  of  the  Bessemer  method  we  may  quote  the 
Canadian  Copper  Company's  works  at  Sudbury,  the  works  at  Havre 
(France)/  and  of  the  Ludwig  Mond  Co.  at  Victoria.  The  plant  of 
the  first  consists  of  four  converters,  of  which  one  is  always  in  operation, 
while  a  second  is  being  given  a  new  lining,  the  third  cools  and  the 
fourth  stands  ready  to  start.  In  this  arrangement  25  tons  matte, 
which  has  been  fused  in  cupola  furnaces,  is  treated  in  24  hours,  and 
yields  15  tons  refined  matte.  The  iron  is  almost  completely  removed, 
while  the  proportion  of  nickel  is  increased  to  40  per  cent.,  and  that 
of  copper  to  45  per  cent.  Sulphur  is  removed,  except  5  to  15  per 
cent.  The  refined  matte  is  tapped  out  of  the  converter  and  cast  into 
square  slabs  about  3  inches  thick  and  3  feet  in  the  side. 

A  converter  holding  1*5  tons  of  matte  at  the  beginning  and  3  tons 
later  as  the  lining  gets  eaten  away  is  started  with  a  blast  pressure  of 
half  an  atmosphere.  Straightway  begins  a  lively  shower  of  sparks 
which  lasts  6  to  10  minutes  and  may  become  so  violent  that  the  blast 
pressure  has  to  be  reduced  by  a  half  If  the  temperature  rises  too 
high,  cold  matte  is  added.  After  the  spai-king  ceases,  a  fiame  and  a 
white  smoke  appear.  The  pressure  is  now  raised  to  0*8  atmosphere. 
As  the  temperature  rises  the  flame  changes  in  colour  fi:om  red  through 
blue  to  green.  The  process  is  at  an  end  when  the  smoke  disappears 
and  the  flame  becomes  clear.  The  blast  is  now  stopped,  the  converter 
tipped  after  the  matte  and  slag  have  separated,  and  the  contents  are 
poured  into  separate  pots.  Normally  the  slag  does  not  contain  more 
than  2  per  cent,  of  copper  and  3*5  per  cent,  of  nickel.  The  average 
composition  of  the  refined  matte  is 

Cu 43*36  per  cent. 

Ni 30-96       „ 

Fe 0-3 

S 13-76       ,, 

It  also  contains  7  oz.  of  silver  per  ton,  O'l  to  0*2  oz.  of  gold,  and  0'5 
oz.  of  platinum.     The  slag  contains : — 

FeO  ....  67  per  cent.  Cu  ....  10  per  cent. 

SiOg      ...  28       „  Ni  .    .    .    .  1-7       „ 

S     ...    .0-5      „ 

At  Victoria,  Sudbury ,2  there   are   converters  holding  6  tons  of 
matte.      They  are  in  the  form  of  movable  cylinders,  7  feet  long  and 

»  T.  Ulke,  The  Min.  Ind.,  1894,  p.  460.        «  Ibid,,  1902,  p.  495. 
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6  feet  8  inches  in  diameter;  the  wind-chest  is  6  feet  long  and  1 
foot  high  and  there  are  11  tuyeres.  The  matte  which  contains  30  tn 
50  per  cent,  of  nickel  and  copper  is  charged  into  the  converter  from 
the  ore-hearth  of  the  shaft  furnaces.  The  tuyeres  are  cleaned  from 
time  to  time  with  iron  bars  during  the  first  blow,  which  lasts  35  to  40 
minutes ;  the  converter  is  then  turned  and  the  slag  poured.  It  is 
now  brought  into  the  upright  position,  blown  again  for  40  minutes, 
the  slag  poured  and  the  matte  run  into  a  ladle  carried  by  a  travelling 
crane,  from  which  it  is  cast  into  plates.  If  the  quantity  of  matte  i> 
small,  it  is  allowed  to  remain  in  the  converter,  and  another  charge 
added.  This  process  is  sometimes  repeated  and  the  matte  from  tht^ 
three  charges  poured.  The  length  of  operation  in  these  cases  is  from 
3  to  4  hours.  The  plates  weigh  500  lbs.  After  4  to  8  charges  hav< 
been  put  through,  the  converter  is  relined.  The  average  composition 
of  the  converter  matte  is  : — 

Ni 37-78  per  cent. 

Cu 41-40       „ 

Fe 0-65       „ 

S      18-37       „ 

Si02 019       „ 

The  slags  contain  1'5  to  2  percent,  of  nickel  and  1*5  of  copper.  They 
are  added  to  ore-smelting  charges.  The  composition  of  the  slag  at 
the  end  of  the  process  is  given  by  Paris  ^  as  follows  : — 

Ni 18*6  per  cent. 

Cu 4-0       „ 

Fe 16-9      „ 

SiO- 490       „ 

At  the  Havre  works  ^  the  converter  holds  only  1  ton.  The  bljv^t 
pressure  is  16  in.  of  mercury.  Quartz  sand  is  added,  as  soon  a- 
the  temperature  is  high  enough,  to  slag  the  iron.  If  the  content  of 
iron  in  the  matte  does  not  exceed  36  per  cent.,  the  operation  is  ovt^r 
in  80  minutes.  If  the  percentage  of  iron  is  larger,  it  is  necessan'  t" 
tap  out  the  iron  slag  first  formed  at  the  end  of  25  minutes,  and  then 
continue  the  blow  with  the  addition  of  more  sand.  As  soon  Jis  tht 
oxidation  of  nickel  begins,  the  operation  is  stopped.  The  refim^l 
matte  contains  05  per  cent,  of  iron.  The  slag  is  difficultly  fusible 
and  contains  14  to  15  per  cent,  of  nickel,  chiefly  in  mechanically 
enclosed  portions  of  matte.  Part  of  this  latter  can  be  removed  from 
^  The  Min,  Iivd.,  1894,  p.  466.  «  T.  Ulke,  ibid.,  1894,  p.  466. 
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the  bottom  of  the  slag-pots  in  metallic  bottoms.  The  slag  is  returned 
to  the  ore-smelting. 

Converters  with  basic  lining  have  been  proposed  by  Manh^s,^  but 
nothing  is  known  about  the  application  of  these. 

C.   THE   CONVERSION   OF   REFINED   NICKEL   MATTE   INTO   CRUDE 

NICKEL 

This  conversion  consists  of  a  roasting  to  convert  nickel  sulphide 
into  oxide,  and  a  subsequent  reduction  of  the  nickel  oxide  to  nickel. 

Dead  Roasting  of  the  Matte 

This  takes  place  in  reverberatory  furnaces  in  two  stages.  In  the 
first  the  sulphur  is  brought  down  to  1  per  cent,  and  in  the  second  it 
is  entirely  removed,  or  nearly  so. 

According  to  Levat  ^  the  first  roasting  is  carried  out  in  a  long- 
bedded  calciner  33  feet  long  by  8  feet  wide,  with  four  working  doors  on 
one  long  side.  The  matte  crushed  in  rolls  is  charged  into  the  furnace 
16  cwts.  at  a  time,  and  spread  out  on  the  bed  2  inches  thick.  At  first 
the  temperature  is  kept  at  a  dull  red  to  prevent  sintering,  it  is  then 
raised  gradually  until  it  reaches  a  bright  red  at  the  end  of  the  operation. 
The  roasted  product  is  withdrawn  at  the  fire-bridge.  The  roasting 
lasts  8  hours  and  36  cwts.  of  matte  are  put  through  in  24  hours,  with 
a  fuel  consumption  of  2  tons  of  coal.  Three  men  are  needed  to  attend 
the  furnace. 

The  roasted  matte  contains  still  1  per  cent,  of  sulphur  in  the  form 
of  basic  sulphates  and  undecomposed  sulphides.  It  is  ground  as 
finely  as  possible,  sieved,  and  roasted  again  in  quantities  of  10  cwts. 
in  a  calciner  as  wide  as  the  first  but  much  shorter.  After  6  hours 
heating  to  a  bright  red  the  matte  is  roasted  sweet ;  the  coal-consump- 
tion is  3  tons  per  24  hours,  and  the  labour  of  two  men  is  required.  The 
oxide  of  nickel  is  greenish-grey,  and  should  not  contain  more  than 
0004  per  cent,  of  sulphur. 

The  EediLction  of  Nickel  Monoxide  to  Nickel 

Nickel  does  not  melt  at  the  temperature  of  reduction  of  its  oxide, 
so  that  it  can  be  prepared  in  a  powdery  or  spongy  condition,  or 
molten.  If  the  spongy  form  be  desired,  the  reduction  takes  place  in 
tubes,  retorts  or  muffles ;  if  in  the  form  of  cubes,  then  the  oxide  is 
made  into  a  stiff  paste  with  meal,  syrup  or  raw  sugar,  moulded  into 

»  (Jer.  Pat.,  No.  80,467. 

3  Ann.  deA  Minen,  1892,  Livre  2,  pp.  141-244. 
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cakes  and  dried,  and  these  then  cut  into  cubes  and  reduced  with 
charcoal.  If  the  metal  is  wanted  as  a  powder,  the  oxide  is  mixed 
with  charcoal  and  reduced.  The  crucibles  used  are  made  of 
graphite. 

The  reduction  of  the  oxide  in  retorts  of  fire-clay  is  described 
by  KUnzelj^and  has  been  carried  out  at  Val  Benoit,  near  Li^ge.  The 
retorts  are  open  at  both  ends,  and  have  a  width  of  8  inches.  They 
are  placed  in  rows  of  6,  in  a  furnace  of  similar  construction  to  the 
French  one  for  liquation  of  antimony  at  Malbosc.  The  charging  is 
done  through  openings  in  the  arch  of  the  furnace,  to  which  openings 
correspond  similar  ones  in  the  bed.  Under  these  latter  are  tubes  of 
iron  plate,  about  5  feet  long,  forming  continuations  of  the  clay 
retorts,  and  upon  these  iron  pipes  the  clay  ones  rest.  The  iron 
pipes  serve  for  the  cooling  of  the  nickel  cubes  formed  in  the 
retort,  and  they  themselves  rest,  with  three-quarters  of  their 
periphery,  on  an  iron  plate.  At  the  beginning  of  the  operation 
the  retorts  are  filled  to  a  certain  height  with  small  coal,  upon  which 
the  cubes  of  oxide  of  nickel  are  charged.  From  time  to  time  part  of 
the  contents  of  the  coolers  are  removed  through  an  opening  in  the 
lower  part  of  the  tubes.  In  this  way  the  grains  slide  down  the 
heated  clay  retorts,  and  finally  are  delivered  into  the  coolers  in  the 
metallic  condition.  The  removal  of  the  cubes  takes  place  every  three- 
quarters  of  an  hour  or  hour.  At  Val  Benoit,  in  24  hours,  10  or  12 
cwts.  of  nickel  are  produced  in  a  furnace  with  6  retorts,  with  a 
consumption  of  18  to  20  cwts.  of  coal. 

At  the  Silesian  nickel  works,  Frankenstein,-  the  tubes  are  8 
inches  in  diameter  and  30  inches  high.  They  stand  in  two  rows  of  ten 
each  in  a  gas  heated  furnace  with  generators.  The  furnace  is  LS 
feet  long  and  33  feet  broad  and  the  reduction  lasts  3  hours. 

Very  recently,  according  to  Knut  Styfie,'  furnaces  with  muffle? 
have  been  brought  into  use  for  preparing  spongy  nickel.  A  furnace 
of  this  kind  holds  12  muffles,  which  are  placed  in  two  rows  one  above 
the  other,  and  fired  by  a  single  fireplace.  The  furnace  has  working 
doors  for  each  of  these  rows  on  opposite  sides.  The  reduction  lasts 
4  hours.  The  temperature  is  raised  to  1200°,  in  consequence  of 
which  the  reduced  nickel  sinters  into  sufficiently  solid  pieces. 

Levat  *  communicates  an  arrangement  of  a  furnace  with  a  single 
muffle,  illustrated  in  Fig.  460.  The  furnace  is  llj  feet  long  and  6 
feet  wide.     The  muffle  has  an  opening  on  the  short  side,  and  is  there 

'  Kerl,  Metallhiittmhnule,  p.  553. 

'^  Zeits.f.  Bery-,  Hiitien-  u.  Saliiientvewn  im  Prema,  Staatt,  1902,  p.  816. 

3  Oesterr.  Zeifarh,,  1894,  p.  324.  •*  LfOC,  cif. 
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closed  during  the  operation  by  doors  {k  k).  These  doors  are  counter- 
poised and  protected  within  by  fireproof  linings.  Gas  fuel  is  used  ; 
/,  /,  are  the  flues  through  which  the  flames  play  round  the  muflfle. 
The  oxide  to  be  reduced  is  charged  into  iron  vessels  m,  m,  which  are 
introduced  at  the  side  of  the  furnace  opposite  the  generator,  and 
gradually  pushed  forward  until  they  are  drawn  out  at  the  hottest 
place.     Each  crucible  remains  24  hours  in  the  furnace. 

To  obtain  the  nickel  in  a  molten  condition,  a  little  flux  is  added 
to  the  mixture  for  reduction  and  the  reduction  carried  out  at  a 
temperature  above  the  melting  point  of  the  metal.  The  molten  metal 
can  be  cast  in  any  desired  form.     If  the  nickel  reduced  alone  is  to 


Fio.  460. 


winter  properly,  it  must  be  heated  in  the  crucibles  to  a  temperature 
)f  1100**— 1200**  for  at  the  very  least  4  hours. 

The  production  of  molten  nickel  from  the  monoxide  is  carried 
)ut,  as  described  below,  at  the  Orford  Copper  Company's  works, 
Bergen  Point,  New  York  Harbour. 


d,    THE   CONVERSION   OF  REFINED  NICKEL  COPPER   MATTE     INTO 

RAW   NICKEL 


Two  dry  methods  have  been  used  so  far  for  this  purpose,  viz.,  the 
)rford  process  and  the  Mond  process ;  none  of  the  other  proposals 
as  reached  the  practical  stage. 

The  Orford  process  consists  in  removing  the  copper  and  the  little 
^sidual  iron  from  nickel-copper  matte,  by  repeatedly  smelting  it 
ith  sodium  sulphate  and  coal.     The  nickel  sulphide  remaining  after 
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this  treatment  is  roasted  to  oxide  and  then  reduced  to  metal  in  the 
ordinary  way. 

In  the  Mond  process  the  matte  is  roasted,  the  copper  partly 
removed,  and  then  reduced  to  a  nickel-copper  alloy.  By  the  action  of 
carbon  monoxide  upon  this,  the  nickel  is  converted  into  the  gaseous 
nickel  carbonyl,  and  this  on  heating  yields  up  its  nickel.  Both 
processes  are  kept  secret,  and  their  economic  results  cannot  be 
judged. 

The  Orfm^d  Process 

The  method  is  used  at  the  Orford  Copper  Company^s  works  at 
Constable  Hook,  New  Jersey,  near  New  York.  The  operation  has 
been  devised  and  is  practically  carried  out  by  John  Thomsen,  dirt'Ctor 
of  the  above  company,  and  Charles  Bartlett.^  Since  it  is  kept  secret, 
only  incomplete  accounts  have  become  public.  According  to  these, 
coarse  matte  or  preferably  concentrated  matte  is  smelted  with  sodiim\ 
sulphate  and  coal  in  a  small  blast  furnace,  where  the  sulphate  is 
reduced  to  sodium  sulphide.  The  sodium  sulphide  combines  for  the 
greater  part  with  sulphides  of  copper  and  iron  and  converts  any 
metallic  copper  and  iron  formed  in  the  operation  into  sulphi<ies, 
caustic  soda  being  produced  thereby.  The  sulphides  of  copper,  iron 
and  sodium,  and  the  caustic  soda  form  a  readily  fusible  mixture,  which 
dissolves  part  of  the  nickel  sulphide.  The  greater  part  of  the  nicke^ 
sulphide,  however,  separates  out  along  with  a  little  sulphide  of  ir'»a 
and  copper,  and  settles  to  the  bottom  owing  to  its  greater  density. 
The  products  are  tapped  out  into  a  receiver  and  allowed  to  cool.  They 
separate  into  two  layers,  "  the  tops  "  and  "  bottoms,"  which  C4in  bt- 
readily  separated  after  cooling.  The  tops  consist  of  sodium  sulphide 
caustic  soda,  iron  and  copper  sulphides  and  a  little  nickel  sulphide  : 
the  bottoms  consist  chiefly  of  nickel  sulphide,  with  small  quaniiri-  - 
of  the  other  sulphides  and  caustic  soda. 

The  tops  are  digested  repeatedly  with  copper  chloride  litiuur-. 
obtained  by  leaching  concentrated  tops  which  have  undergone  .1 
chloridising  roasting,  and  they  are  then  smelted  with  tops  (obtaint>i 
in  the  concentration  of  bottoms)  which  have  been  similarly  treatec. 
fresh  copper-nickel  matte  being  added  ;  the  products  are  concentrate! 
tops  and  bottoms. 

The  bottoms  from  the  first  smelting  process  are  smelted  wi:'*^ 
sodium  sulphate  and  coke  and  the  bottoms  obtained  in  concentratirx 
tops,  the  products  being  tops  with  but  little  nickel,  and  concentrate-i 

1  Mineral.  Industry ^    1892,   p.    357.     John  L.   Thomsen,  AniericAn   patent.  >*•  • 
489,882,  January  10,  1893.     German  patent,  No.  91,288. 
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bottoms,  rich  in  nickel  and  poor  in  copper.  These  tops  are  worked, 
owing  to  their  high  copper  content,  along  with  the  tops  from  the 
first  smelting  process  as  described  above. 

The  concentrated  tops  are  first  leached  with  water  in  order  to 
bring  the  sodium  sulphide  into  solution,  and  the  residue,  consisting 
chiefly  of  copper  sulphide,  is  treated  for  copper.  The  sodium 
sulphide  liquor  is  evaporated,  and  the  solid  body  left  is  added  to  the 
matte-smelting  charges.  The  concentrated  bottoms  form  a  nickel 
matte  containing  only  very  small  quantities  of  copper. 

The  treatment  of  the  nickel  matte  for  nickel  is  the  same  as 
described  above,  viz.,  the  matte  is  roasted  dead  and  the  resulting 
oxide  is  reduced  by  carbon. 

In  many  cases  nickel  oxide  itself  is  sent  into  commerce,  being 
used  in  the  preparation  of  nickel-steel.  The  nickel  matte  produced 
in  the  Orford  process  is  subjected  to  a  chloridising  roasting  in  order 
to  convert  its  copper  into  chloride.  This  is  leached  out  and  the 
solution  used  partly  for  digesting  tops  and  partly  for  precipitation  by 
iron.  Any  of  the  platinum  metals  present  in  the  matte  become 
chlorinated  in  the  process  and  pass  into  the  solution.  Nickel  mon- 
oxide is  left  after  leaching. 

The  composition  of  nickel  oxide  from  Canadian  matte  is  given 
below  : — 


( 

Orilinary  oxide. 

Better  quality. 

NiO(+CoO) 

97-6 

98-74 

CuO 

0-4 

0-30 

Fe,03 

1-5 

0-70 

As 

0-3 

004 

S 

003 

0-02 

SiO, 

0-3 

0-20 

According  to  v.  Ehrenwerth,^  there  are  used  for  reduction  and 
Pusion,  at  Bergen  Point,  graphite  crucibles  18  inches  high  and  14 
inches  wide,  in  each  of  which  75  lbs.  of  nickel  monoxide  are  placed. 
IVood  charcoal  is  the  reducing  agent  (16  per  cent,  by  weight  of  the 
)xide)  ;  petroleum  fuel  is  used.  The  plan  of  the  furnace  is  shown  in 
Figs.  461,  462.  The  furnace  has  three  chambers  each  holding  two 
crucibles,  the  furthest  chamber  always  standing  empty.  The  middle 
hamber  gives  the  crucibles  a  preliminary  heating,  and  the  one  nearest 
he  fire  serves  to  melt  the  reduced  nickel.  The  petroleum  flame  passes 
hrough  the  various  chambers  in  the  direction  indicated  by  the  arrows, 
,nd  finally  reaches  the  chimney  E.     The  petroleum  runs  first  into  the 

*  Lor.  rit.y  p.  550. 
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uppermost  of  three  trays  y,  stretching  the  full  width  of  the  furnace, 
placed  one  under  another.  When  the  top  one  is  full,  the  petroleum 
flows  into  the  next  below  j/y  and  when  that  is  full  into  the  third  ^". 
The  petroleum  that  flows  away  from  the  lowest  pa^es  into  a  receiver 
outside  the  furnace.  The  air  for  the  combustion  enters  through 
the  channels  S,  and  then  passes  in  the  direction  indicated  by  thf 
arrow,  through  a  channel  going  under  the  furnace,  for  preliminary 
heating  before  entering  the  fireplace.  Such  a  furnace  can  smelt 
three  charges  in  12  hours,  and  produces  in  this  time  2400  lbs.  nieke! 
with  an  expenditure  of  105  gallons  of  petroleum.  The  liquid 
nickel  is  poured  into  iron  moulds  and  takes  the  form  of  bar?. 
The  material  reduced  is  said  to  contain  90  per  cent,  nickel  monoxide, 


Fio.  461. 


Fio.  4«2. 


and  the  metal  produced  96  to  98  per  cent,  nickel  and  0*5  per  cent 

iron. 

A    san)ple    of  commercial    Canadian  nickel  gave   the   followinf^ 

analysis :  — 

Ni        98-74  Fe.Oj  070 

As          004  CaO  030 

S            002  SiO.  0-20 


The  Mond  Process 
This  process,^  which  was  devised  in  the  year  1889  by  Dr.  Ludwii.- 
Mond,  assisted  by  Dr.  Carl  Langer,  consists  in  the  reduction  of  nicktl 
oxide  to  finely  divided  nickel  by  treatment  with  hydrogen,  water  p^ 
or  producer  gas  at  300°  C. ;  in  the  conversion  of  this  nickel  into  th« 
volatile  nickel  carbonyl  Ni[CO]^  by  the  action  of  carbon  monoxide  at  a 
temperature  not  exceeding  100**  C,  and  in  the  decomposition  of  thi- 
nickel  carbonyl  at  180°  C ,  into  nickel  and  carbon  monoxide.     The 

»  Ger.  Pat.,  Nos.  57,320,  95,417,  98,643.     The  Eng.  and  Min.  Jour.^  December  It 
1898,  p.  784.     The  Min.  Ind.,   1899,  p.   526;    The  Chem.   Xe»rj*,  7S,  260;    Ktr 
g^n^rcUe  de  Chemie  pure  el  appHqtij^e,  vol.  ii.  No.  4. 
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latter  is  then  used  for  the  treatment  of  fresh  quantities  of  nickel.  If 
the  ores  and  metallurgical  products  which  furnish  the  nickel  contain 
the  metal  as  sulphide,  they  are  roasted  to  convert  this  into  oxide.  This 
method,  which  is  in  use  at  Smethwick  near  Birmingham,  has  only  been 
applied  so  far  to  nickel-copper  mattes  containing  little  iron. 

The  raw  material  is  refined  nickel-copper  matte  from  Sudbury  in 
Canada.  This  matte  is  roasted  dead  to  convert  sulphides  into  oxides, 
leached  with  dilute  sulphuric  acid  to  remove  most  of  the  copper,  and 
then  treated  with  water-gas  in  a  reduction  tower,  whereby  metallic 
nickel  and  copper  are  formed.  The  resulting  alloy  is  exposed  to  the 
action  of  carbon  monoxide  in  a  volatilising  tower,  or  "  volatiliser,"  and 
the  nickel  carbonyl  so  produced  is  dravni  by  a  fan  into  a  decomposition 
tower,  where  it  is  split  up  by  heating  into  nickel  and  carbon  monoxide  ; 
the  latter  is  drawn  off  to  the  volatilising  tower  for  further  use. 
As  the  reduction  and  volatilisation  of  the  nickel  is  far  from  complete 
in  one  operation,  this  process  has  to  be  repeated  many  times,  the 
matte  being  withdrawn  from  the  volatilising  tower  and  charged  into 
the  reduction  tower,  whence  it  comes  again  to  the  volatilising  tower, 
and  so  forth.  It  ij  not  possible,  however,  to  exhaust  the  matte,  even 
by  repeated  reduction  and  volatilisation.  After  two-thirds  of  the 
nickel  has  been  removed,  the  reaction  becomes  so  slow  owing  to  the 
presence  of  undecomposed  sulphides,  that  the  process  is  stopped, 
the  matte  roasted  and  leached  again,  and  the  product  put  through  the 
same  cycle  of  operations. 

The  dead-roasting  of  the  matte  takes  place  genei*ally  in  rotating 
reverberatory  furnaces.  The  roasted  matte  contains  25'27  per  cent, 
of  nickel,  41 '87  per  cent,  of  copper  and  about  213  per  cent,  of  iron.^ 
It  is  ground  in  ball  mills,  put  through  a  sieve  with  60  meshes  to  the 
linear  inch,  and  then  leached  with  dilute  sulphuric  acid  in  quantities 
of  3  cwts.  at  a  time  in  lead-lined  vats  fitted  with  stirrers.  The  leach- 
ing liquor  is  made  up  of  200  lbs.  of  oil  of  vitriol  and  120  gallons  of 
the  mother  liquor  left  after  the  crystallisation  of  copper  vitriol  from  a 
previous  operation.  The  temperature  is  kept  at  85°  C.  by  blowing  in 
$teani«  This  treatment  dissolves  out  chiefly  the  copper.  Nickel  and 
ron  are  soluble  to  some  extent,  and  the  solution  becomes  concen- 
;rated  in  these  by  repeated  use.  After  leaching  has  gone  on  for  half- 
in-hour,  the  liquor  is  drawn  off  into  crystallising  dishes,  in  which  the 
jopper  sulphate  crystallises  out  after  8  to  10  days.  The  residue  after 
Irying  contains  52*5  per  cent,  of  nickel,  20*6  per  cent,  of  copper  and 
16  per  cent,  of  iron.     The  copper  sulphate  contains  005  per  cent,  of 

1  Roberts-Austen,  Inat.  of  Civil  Eng.,  Tiondon,  Novembers,  I8d8.     The  Min,  hid., 
HJH),  p.  526. 
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iron  and  the  same  amount  of  nickel.  It  is  dried  in  centrifugiil 
machines  and  sent  to  the  market,  and  the  mother  liquor  is  used  in 
leaching  fresh  quantities  of  roasted  matte. 

When  the  mother  liquor  has  become  concentrated  up  to  a  given 
point  with  iron  and  nickel  salts,  it  is  evaporated  to  dryness,  and  the 
mixture  of  the  sulphates  of  iron,  copper  and  nickel  is  heated  to  con- 
vert it  into  oxide.  The  oxide  mixture  is  then  reduced  along  with  the 
leached-out  matte. 

The  reduction  of  the  roasted  and  lixiviated  matte  is  carried  out  at  a 
temperature  of  250°  to  300°  C,  the  nickel  produced  at  this  tempera- 
ture being  readily  reactive  with  carbon  monoxide  at  a  temperature  i*i 
50  to  60**  C.  The  nickel  reduced  from  its  oxide  at  400°  C,  or  above  thi> 
temperature,  is  not  so  finely  divided,  so  that  the  reaction  with  carh^m 
monoxide  is  slower,  and  the  volatilisation  less  complete. 

The  reduction  of  nickel  oxide  to  the  metal,  and  the  cooling  of 
this  to  the  temperature  suitable  for  treatment  with  carbon  monoxide, 
takes  place  in  a  reduction  tower.  This  must  be  so  constructed  that 
the  temperature  in  all  parts  can  be  easily  regulated ;  it  is  made  of 
separate  short  cylinders  each  of  which  can  be  he£(j;ed  or  cooled  fn>ni 
the  outside.  The  construction  of  these  component  cylinders  is  shown 
in  Figa  463  to  466.^  The  bottom  ff  of  each  cylinder  is  hollow  and 
serves  for  the  introduction  of  hot  gases,  cold  air  or  water.  This  space 
is  so  divided  by  a  partition  (Fig.  464)  that  the  heating  and  cooling 
agents  entering  at  0^  must  circulate  in  the  direction  shown  by  arrow's, 
and  discharge  at  0, 

The  opening  0^  of  each  cylinder  is  connected  by  a  pipe  (with 
damper)  to  the  hot  and  cold  mains,  and  the  opening  O  with  the 
exhaust  flues.  The  cylinders  are  placed  so  that  the  bottom  of  ont- 
forms  the  top  of  the  next  beneath  it.  The  material  to  be  treated  is 
spread  out  by  stirrers  upon  the  floor  of  the  cylinder.  To  enable  thi> 
to  be  done  there  is  a  plate  P  (Fig.  465)  in  the  upper  part  of  each 
cylinder,  fitting  closely  to  the  upright  shaft  N,  though  without  inter- 
fering with  the  free  motion  of  this.  This  plate  has  a  smaller  diameter 
than  the  cylinder,  so  that  there  is  a  space  ^(same  Fig.)  between  it^ 
outside  edge  and  the  cylinder  wall.  Rabble  arms  with  teeth  are  fixed 
to  the  shaft  N  which  passes  through  the  middle  of  the  tower,  the 
teeth  being  so  arranged  that  the  material  is  moved  fi-om  the  centre 
to  the  periphery  (Fig.  463),  where  it  tails  through  the  slot  Z  to  the 
bottom  of  the  cylinder.  Here  it  is  moved  by  a  second  stirrer  from  the 
periphery  to  the  centre  (Fig.  466),  and  falls  through  an  opening  S 
(not  connected  with  the  heating  chamber)  on  to  the  plate  P  in  th» 

J  Ger.  Pat.,  No.  95,417. 
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cylinder  lying  below  it  (Figs.  463  to  465).  In  this  way  the  matte  to 
be  reduced  fells  through  all  the  cylinders  which  make  up  the  tower. 
Water-gas  which  is  used  for  the  reduction  rises  through  the  tower  in 
the  opposite  direction. 

The  reduction  tower  at  Smethwick  is  25  feet  high  and  made  up 
of  14  cylinders.  The  floors  of  the  7  top  cylinders  are  heated  to  250°  C. 
with  producer  gas,  the  5  lowest  cylinders  are  cooled  by  water.  If  the 
matte  contains  iron,  the  temperature  must  be  kept  as  low  as  possible 


Fios.  A6S  and  404. 
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to  pi-eventthe  reduction  of  the  oxide  of  iron  to  metal,  and  the  formation 
of  iron  carbonyl  in  the  volatilisation  tower.  If  this  happens  the 
nickel  will  be  contaminated  with  iron.  Nickel  produced  from  a  matte 
containing  6  to  10  per  cent,  of  iron  should  not  contain  more  than 
O'o  per  cent,  of  iron.  Should  the  matte  contain  more  iron,  the  low 
temperature  needful  to  prevent  its  reduction  would  result  in  an  in- 
complete reduction  of  the  nickel  oxide.  Matte  with  more  than  10  per 
cent,  of  iron  must  therefore  be  freed  by  smelting  from  the  greater 
jiart  of  it,  before  it  can  be  submitted  to  the  Mond  process. 

The  water-gas  used  in  the  reduction  is  generated  in  producera  by 
blowing  steam  over  anthracite,  and  is  collected  in  gasometers.     The 
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gas  leaving  the  reducing  towers  still  contains  5  to  10  per  cent,  bv 
volume  of  hydrogen.  Part  of  it  is  used  for  preparing  the  carbon  mon- 
oxide necessary  for  the  volatilisation  of  the  nickel,  by  passing  it  over 
glowing  charcoal  in  a  heated  retort,  after  the  water  vapour  has  been 
removed  by  scrubbing.  The  carbon  dioxide  is  thus  reduced  to  mon- 
oxide, and  the  resulting  gas,  containing  80  per  cent,  of  carbon  mon- 
oxide, is  collected  in  a  gasometer. 

The  conversion  of  the  nickel  into  the  carbonyl  compound  i^ 
carried  out  in  a  volatilising  tower  or  volatiliser  at  a  temperature 
below  100°  C.  The  best  temperature  for  the  formation  of  this  com- 
pound is  50°  C,  since  at  that  temperature  the  impurities  (even  cobalt) 
are  not  attacked.  The  volatilisers  are  arranged  like  the  reduction 
towers,  with  the  difference  that  there  are  no  chambers  in  the  bottoms 
of  the  component  cylinders.  There  is  no  need  for  separate  heating 
as  the  heat  of  the  nickeliferous  material  from  the  reduction  towers 
and  of  the  carbon  monoxide  itself  suffice  to  maintain  the  right 
temperature  of  50  C.°  The  material  to  be  treated  is  con\eyed 
through  the  tower  exactly  as  in  the  case  of  the  reduction  towers,  and 
the  carbon  monoxide  rises  through  it  in  the  opposite  direction. 

The  carbon  monoxide  is  derived  partly  from  the  decomposition  of 
nickel  cai*bonyl  and  jiartly,  as  explained  above,  from  the  escaping  gase> 
from  the  reduction  towers.  According  to  former  accounts  it  was  gener 
ated  by  passing  carbon  dioxide  over  glowing  coke,  the  carbon  dioxide 
being  produced  by  boiling  potassium  bicarbonate  solutions,  obtained 
by  passing  the  gases  from  a  boiler  furnace  into  potash  solution. 

The  volatile  nickel  carbonyl  is  drawn  by  a  blower  through  a  filter 
into  the  decomposition  tower.  After  the  carbon  monoxide  has  acted 
some  time  upon  the  nickel,  the  reaction  slackens.  The  residues  an 
then  reduced  again  in  the  reduction  tower,  and  brought  back  to  the 
volatiliser  for  further  treatment.  In  this  way  the  nickeIiferou> 
material  is  worked  first  in  one  tower  and  then  in  the  other  until  60 
per  cent,  of  the  nickel  has  been  volatilised,  the  time  taken  bein? 
from  a  week  to  a  fortnight.  The  residue  is  then  one  third  of  th-^ 
original  matte,  and  contains  3548  per  cent,  of  nickel,  38*36  per  cent 
of  copper  and  4*58  per  cent,  of  iron,  chiefly  in  the  form  of  undecom- 
posed  sulphides.  It  is  treated  like  the  original  matte,  and  after 
repetition  of  the  various  processes,  it  contains  only  20  per  cent  of  it? 
original  nickel  content.  The  second  residue  contains  35*83  per  cent 
of  nickel,  35*36  per  cent,  of  copper  and  7*82  per  cent,  of  iron,  and  it 
weighs  only  about  one-tenth  of  the  original  matte.  There  is  n^ 
information  in  the  literature  of  the  subject  about  the  further  treat- 
ment of  this.     Presumably  it  is  added  to  fresh  matte. 
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The  nickel  carbonyl,  after  filtration  to  remove  Hue  dust,  is  decom- 
posed into  nickel  and  carbon  monoxide  at  180°  C.  This  was  done 
formerly  in  empty  chambers  in  which  the  nickel  was  precipitated  in 
a  loose  spongy  condition,  hard  to  work  up.  At  present  the  nickel  is 
obtained  in  compact  spherical  masses,  by  lead- 
ing the  carbonyl  over  granulated  metallic  nickel 
in  the  form  of  small  shot. 

The  construction  of  the  decomposition 
tower  is  seen  in  Fig.  467.  It  is  a  jacketed 
cylinder  with  funnel-shaped  bottom  and  the 
nickel  carbonyl  is  led  in  through  a  central  pipe 
reaching  nearly  to  the  bottom.  A  is  the  tower 
with  its  charge  of  nickel  granulations,  B  is  the 
central  inlet  tube  for  the  carbonyl  compound, 
deposition  of  nickel  in  this  tube  being  pre- 
vented by  cooling  it  with  water  which  circulates 
in  a  smaller  tube.  In  the  jacket  there  are 
heating  chambers  H  for  the  circulation  of  hot 
air,  whereby  the  temperature  of  the  tower  is 
brought  up  to  200''  C,  the  decomposition  tem- 
perature of  the  carbonyl.  The  nickel  carbonyl 
enters  the  tower  through  holes  in  the  pipe  7>, 
ind  passes  through  the  shot,  becomipg  decom- 
xxsed  thereby  and  the  nickel  precipitated.  To 
)revent  stoppages  and  caking  of  the  mass,  the 
hot  is  kept  in  constant  slow  motion  by  a 
crew  U  which  is  partly  enclosed  by  a  sieve  N, 
0  that  the  small  shot  fall  through  the  sieve 
nd  are  returned  by  a  lift  to  the  tower,  while 
he  larger  grains  which  cannot  pass  the  mesh 
[)llect  in  the  chamber  G  and  are  discharged 
t  intervals  into  waggons  brought  below.  The 
irger  grains  are  suitable  for  technical  use.  The  carbon  monoxide 
IS,  after  freeing  from  nickel,  is  drawn  off  through  the  pipe  M  and 
own  into  the  volatiliser. 
Two  specimens  of  Mond  nickel  showed  the  following  composition  : 
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Nothing  is  known  of  the  economic  results  of  the  Mond  process 
The  weak  points  in  it  seem  to  be :  the  need  for  keeping  much  nickeli- 
ferous  material  in  circulation,  dadgers  of  explosion,  loss  of  nickel  and 
poisoning  of  the  workmen  by  carbon  monoxide  when  the  apparata^ 
becomes  leaky.  In  1902  a  damaged  plant  was  responsible  for  the 
poisoning  of  20  workmen.^ 

Other  Methods  for  the  Treatment  of  Refined  Nickel-copper  Matte. 

The  process  of  Emmens  consists  in  a  chloridising  roasting  of  the 
matte  in  presence  of  steam,  extraction  of  the  chlorides  of  copper  and 
other  metals  with  water,  and  smelting  .  of  the  residue,  consisting  of 
nickel  and  iron  oxides,  with  sodium  sulphide,  sand  and  charcoal.  In 
this  way  a  pure  nickel  matte  is  produced ;  this  is  roasted  dead  and 
the  nickel  oxide  reduced  to  metallic  nickel.* 

This  process  is  only  possible  of  execution  when  the  matte  contains 
small  quantities  of  copper ;  otherwise  all  the  copper  is  not  chlorinat<?d. 
In  the  roasting,  chlorides  of  nickel  and  iron  are  formed  which  aiv 
leached  out  with  the  copper ;  part  of  the  copper  is  converted  int*) 
cuprous  chloride  which  is  insoluble  iu  water  and  must  be  extracte<l 
with  hydrochloric  acid  or  chloride  solutions ;  and  sulphates  of  copper, 
nickel  and  iron,  all  of  which  are  soluble  in  water,  are  formed  to  some 
extent.     The  process  has  been  uged  in  America. 

Hybinette  and  Ledoux  *  have  proposed  to  separate  nickel  from  it? 
molten  matte  with  manganese,  manganese  and  copper  combining  men- 
readily  with  sulphur  under  these  conditions  than  nickel.  At  the  fir^i 
operation  less  manganese  is  added  that  is  required  to  replace  all  the 
nickel ;  a  mixture  of  nickel  and  its  sulphide  settles  to  the  bottom  an<i 
a  layer  of  the  sulphides  of  copper  and  manganese  floats  on  the  top  of 
this :  the  latter  is  removed  and  more  manganese  added  to  thi 
residue.  This  completes  the  separation  of  the  nickel.  The  tops  ma} 
be  used  for  the  extraction  of  copper  and  manganese.  The  manganoH' 
is  added  in  the  form  of  peroxide  from  which  the  metal  may  be 
obtained  by  reduction  with  carbon. 

This  method  is  said  to  have  been  used  at  the  Balback  works  ic 
Newark,  though  nothing  is  known  as  to  its  definite  adoption.^ 

Removal  of  copper  from  nickel  mattes  by  blowing  in  a  converter^ 

»  The  Min.  Ind.,  1899,  p.  487.  '^  The  Min.  Ind.,  1894,  p.  463. 

3  U.S.A.  Patent,  March  16,  1897,  No.  579,111. 
*  The  Mill.  ImL,  1896,  p.  430. 

^  Von   Ehrenwerth,    D'im    Bery-    u.    IlutttmctHen  atif  der    \VtUaua>*tdfHtfj  - 
Chicago.     Vienna,  189.'>. 
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(with  lining  of  basic  material  or  of  coke)  has  been  suggested,  though 
it  is  not  known  whether  the  method  has  been  carried  out  in  practice. 
It  is  said  that  the  iron  is  first  slagged  off,  then  the  nickel,  and  the 
copper  separates  out  lastly  as  metal.  The  nickel  slags  may  be 
collected  apart  firom  the  iron  slags,  and  worked  up  for  nickel  in  the 
dry  or  the  wet  way.  The  operation  takes  place  in  two  periods, 
slags  and  fluxes  being  added  to  the  matte  chai;ges.  In  the  first 
period  the  iron  is  slagged  and  a  copper  nickel  matte  free  from  iron 
results ;  in  the  second  period  the  nickel  is  slagged  and  metallic  copper 
left  behind. 


e.  The  CJonversion  of  Refined  Nickel-Copper  Matte  into 
Copper-Nickel  Alloys 

roasting  the  matte 

It  must  be  dead  roasted.  To  this  end  it  is  powdered  as  finely 
as  possible,  and  then  twice  roasted  in  a  reverberatory  furnace. 
Oxidising  material,  such  as  saltpetre,  is  frequently  added  in  the 
second  roasting.  Long-bedded  calciners,  as  also  short  hand-worked 
reverberatory  furnaces,  are  used  for  this  operation. 

At  Klefva,  in  Sweden,^  one  of  the  former  kind,  with  sloping  hearth, 
*'as  used ;  it  held  four  roasting  charges,  of  2  J  cwb.  each.  At 
31adenbach,^  in  Nassau-Hesse,  a  furnace  was  used  with  a  rectangular 
learth  about  45  square  feet  in  area,  with  a  single  working  opening 
ind  two  flues.  The  greatest  height  of  the  arch  of  the  furnace  above 
he  bed  was  14  inches :  the  charge  was  4  cwt. 

During  the  first  roasting  sulphur  was  removed  down  to  1  per 
ent.  The  roasted  matte  was  pulverised,  and  then  further  roasted  to 
emove  the  last  portion  of  sulphur.  The  first  roasting  lasted  6  to  12 
ours,  the  second  6  to  8  hours.  According  to  Levat,  the  consump- 
ion  of  fuel  for  1  ton  of  refined  matte  was  ^  ton  of  coal  in  the  first 
Jesting,  and  1^  tons  in  the  second.  The  result  of  the  roasting  was 
mixture  of  cupric  oxide  and  nickel  monoxide,  which  had  a  dark 
rey  to  black  colour  according  to  the  proportion  of  copper. 

At  the  Auroi*a  works  at  Gladenbach  ^  about  4  cwt.  of  pulverised 
uitte  was  spread  out  on  the  hearth  an  inch  or  inch  and  a  half  deep, 
1(1  roasted  for  12  hours,  with  continuous  raking  through  and  occa- 
onal  turning.  To  prevent  sintering  of  the  material  the  tempera- 
ire  was  lowered  at  the  beginning  of  the  roasting,  and  not  allowed 

*  BaUing,  for.  cit.  *  Schnabel,  loc.  ciL 

^  Schnabel,  Prtu^.  Ministtrialztilschrift,  1866,  p.  137. 
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to  rise  above  dull  redness  until  the  end,  when  it  was  brought  to  a 
bright  redness.  Sulphur  was  removed  in  this  first  roasting  down  to 
f  per  cent. 

The  product  was  powdered  and  then  subjected  to  an  8  hours 
roasting  in  the  same  furnace  with  the  addition  of  saltpetre  and  soda. 
At  first  the  temperature  was  raised  to  a  bright  redness,  but  finally 
brought  to  a  white  heat  to  completely  decompose  the  sulphatt^ 
formed.  During  this  second  roasting  arsenic  and  antimony  wea' 
converted  into  arseniates  and  antimoniates  by  the  saltpetre  and 
soda,  and  these  were  removed  by  washing  with  water  before  further 
treatment. 

At  Klefva^  the  roasting  was  carried  on  in  furnaces  with  inclined 
hearth.  In  these,  four  charges,  each  of  2|  cwt.,  were  put  through. 
Wood  was  used  as  fuel  In  the  first  roasting,  one  charge  (2i  cwt.) 
was  put  through  in  about  4  hours  ;  in  the  second  roasting,  in  the 
space  of  about  8  hours. 

At  the  Ringeriges  works  in  Norway  *  sulphur  was  removed  down 
to  2  or  4  per  cent,  in  the  first  roasting.  In  the  second,  10  per  cent 
by  weight  of  calcined  soda  and  5  per  cent,  of  saltpetre  were  added  to 
the  already  roasted  matte.  The  salts  thus  formed  were  leached  out 
by  water  from  the  product. 

According  to  Levat  the  refined  matte  is  completely  roasted  in 
two  operations  in  the  newer  works  in  England  and  on  the  Continent. 
During  the  first,  sulphur  is  removed  down  to  1  per  cent.,  in  th* 
second  at  the  most  only  0004  per  cent,  remains.  The  first  operation 
is  carried  on  in  a  long-bedded  calciner  33  feet  long  and  8  feet  broad 
with  four  working  doors  in  the  long  side.  The  matte,  crushed  between 
rolls,  is  put  into  the  furnace  in  charges  of  about  16  cwt.,  and  spread 
on  the  bed  to  a  depth  of  2  inches.  The  temperature  at  first  is  kept 
down  to  dull  redness  to  avoid  sintering,  and  raised  to  bright  rednesj^ 
at  the  close  of  the  operation.  The  product  is  drawn  out  at  tho 
firebridge.  The  length  of  the  operation  is  about  6  hours  for  matti 
containing  copper,  and  8  hours  if  free  firom  copper,  as  the  nickeloii- 
sulphide  is  more  difficult  to  decompose  than  copper  sulphide.  Th« 
quantity  put  through  in  24  hours  is  2  J  tons  for  first  charge,  or  36  cwt 
for  second,  with  a  fuel  consumption  of  2  tons  of  bituminous  coal.  Th» 
furnace  is  tended  daily  by  three  men. 

The  product,  which  contains  about  1  per  cent,  sulphur  due  to  tlv. 

presence  of  undecomposed  lower  sulphides  and  basic  salts,  is  crushi-^ 

as  fine  as  possible  by  rolls,  sieved,  and  put  for  a  second  roasting 

into  a  furnace  as  wide  as  that  described  last,  but  much  shorter    Th^^ 

^  BaUing,  lor.  cit,  -  Schweder,  foe,  cif. 
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charge  is  half  a  ton  of  the  preceding  product,  which  is  completely 
roasted  at  a  bright  red  heat  in  6  hours.  Every  24  hours  3  tons  of 
coal  are  used.  The  furnace  is  tended  by  two  men  in  a  day.  The 
oxide  now  resulting  should  not  contain  more  than  0*004  per  cent, 
sulphur.  It  is  black  if  copper  is  present,  and  greenish-grey  if  it  is 
not. 

REDUCTION  OF  COMPLETELY   ROASTED   NICKEL-COPPER  MATTE  TO 
COPPER-NICKEL    ALLOYS 

The  mixture  of  cupric  and  nickelous  oxide  is  reduced  to  a  copper 
nickel  alloy.  The  process  can  bo  carried  on,  so  that  either  an  alloy 
without  fusion  is  obtained  in  powder,  dust  or  cubes,  or  so  that  the 
alloy  is  obtained  fused. 

Nickel  monoxide  is  reduced  at  a  strong  red  heat,  without  being 
fused  at  that  temperature.  Cupric  oxide  is  reduced  at  a  still  lower 
temperature. 

The  formation  of  alloy  in  the  form  of  powder  or  cubes  takes  place 
in  muffles,  in  crucibles,  or  in  tubes,  while  the  production  effused  alloy 
takes  place  in  shaft  furnaces. 

To  make  the  powder  the  oxides  are  mixed  with  powdered  coal 
and  pressed  tight  in  graphite  crucibles;  to  make  cubes  they  are 
made  into  a  stiflf  paste  with  viscid  carbonaceous  substances  (syrup, 
meal,  raw  sugar)  with  the  addition  of  water,  made  into  flat  cakes,  and 
lastly  divided  into  little  cubes  of  0*4  to  0*6  inch  side.  These  are 
ignited  with  powdered  charcoal  in  crucibles  or  tubes. 

To  make  the  fused  alloy  the  oxides  are  smelted  with  charcoal  in  a 
little  shaft  fomace. 

At  Klefva^  the  oxides  were  reduced  in  the  form  of  powder  in 
graphite  crucibles  in  quantities  of  about  19  lbs.  The  crucibles  were 
heated  for  12  hours  in  a  wind  furnace  which  held  from  8  to  12  pots. 
The  pulverised  alloy,  which  was  a  commercial  product,  had  the 
following  composition : — 

Ni       60*25       66-46 

Cu       38-85       32-33 

Fe       0-64       0-70 

S         —         008 

At  the  Ringeriges  works  the  moist  oxides  were  mixed  with  raw 
sugar,  made  into  cubes,  dried,  and  placed  in  crucibles  in  layers  with 
powdered  charcoal,  and  kept  at  a  white  heat  for  5  hours.  The  cubes 
obtained  were  emptied  into  an  iron  box,  in  which  they  were  cooled, 

^  Balling,  loc,  dt. 
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then  separated  from  the  charcoal  by  sieving^  and  finally  polished 
with  water  in  a  rotating  drum. 

At  the  Victoria  works  in  Silesia  ^  the  oxides  were  made  into  a 
paste  with  wheat-meal,  then  spread  out  on  a  copper  sheet,  divided 
into  cubes  and  dried.  The  cubes  were  placed  in  layers  with 
charcoal  in  graphite  pots,  and  these  heated  in  a  wind  furnace  with 
coke ;  for  one  pot  yielding  about  11  lbs.  alloy,  13  to  15  lbs.  of  coke 
were  needed. 

The  reduction  of  the  oxide  in  a  blast  furnace  was  formerly 
carried  on  at  the  Aurora  works  at  Gladenbach,^  and  also  occasionally  at 
Klefva.  At  the  former  place  the  blast  furnace,  arranged  as  a  crucible 
furnace,  was  2  feet  high,  1  foot  4  inches  deep,  and  1  foot  6  inches 
wide.  The  sole  consisted  of  a  light  brasque  (4  to  6  parts  by  volume 
of  wood  charcoal,  1  of  loam).  The  blast,  at  a  pressure  of  1 J  inches 
mercury,  was  given  by  one  tuyere  in  the  back  wall,  with  an  average 
inclination  of  45**.  Wood  charcoal  was  used  for  the  reduction.  As 
soon  as  a  quantity  between  175  and  220  lbs.  of  oxide  was  run  down, 
the  alloy  and  slag  were  tapped  out  into  a  little  fore-hearth. 
After  the  solidified  slag  was  removed  from  the  alloy,  the  latter  was 
taken  off  in  discs  and  broken  into  pieces  while  still  red-hot.  Out  of 
100  parts  oxide  35  to  38  parts  alloy  were  obtained. 

An  easily  fusible  slag  was  formed  by  part  of  the  oxides,  the  loam 
of  the  brasque,  and  the  material  of  the  furnace  wall,  which  slag  pro- 
tected the  alloy  from  being  oxidised  by  the  air  of  the  blast.  The 
slag  contained  considerable  quantities  of  copper  and  nickel,  and 
had  also  to  be  worked  up  separately  for  alloy.  The  loss  of  metal 
was  1'35  per  cent.  Ni  and  8*22  per  cent.  Cu.  Out  of  a  refined 
matte  which  before  roasting  had  the  composition  : — 

Ni 32-59  percent. 

Cu 5200       „ 

Fe 0-41 

S      17-71       „ 

As  +  Sb 0-11 

an  alloy  was  obtained  containing : — 

Cu 59-5     per  cent.. 

Ni 39-95 

Fe 0-64       „ 

1  Bf^g-  und  HiUten.  Zeitung,  1877,  p.  300 ;  1878,  p.  245, 
a  Schnabel,  loc.  cit. 
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Out  of  an  original  matte  which  when  nnroasted  had  this  com- 
position : — 

Ni  and  Co 87-5     per  cent. 

Cu    .    .    . •    •    •  48-5 

As  and  Sb Trace       „ 

S 13-3 

an  alloy  was  obtained  containing : — 

Ni 4506  per  cent. 

•       Cu 53-44 

The  dead-roasted  nickel-copper  matte  from  Canada  is  reduced 
with  wood  charcoal  or  gas,  and  an  alloy  obtained  containing  50  per 
cent,  of  copper,  49  per  cent,  of  nickel  and  small  quantities  of  iron,  silicon 
and  carbon.  This  is  sent  to  the  Germanrsilver  works.  A  special 
alloy  composed  of  parts  of  4  copper  to  1  part  of  nickel  is  made  for 
cartridge  shells. 


2.   EXTRACTION   OF  NICKEL   FROM  THE  SILICATE  (GARNIERITE) 

This  New  Caledonian  ore  is  a  hydrated  silicate  of  variable 
composition,  the  constituents  lying  between  the  following  limits : — 

NiO 9  to  17  per  cent. 

SiO^ 41  to  46 

FcgOa 5  to  14 

AlgOs 1  to  7 

MgO 6  to  9 

H^O 8  to  16 

The  nickel  content  of  the  garnierite  which  is  smelted  has  of  late 
decreased  to  between  7  and  8  per  cent.  At  present  it  is  treated  only 
in  Europe  (Glasgow,  Birmingham,  Havre,  Iserlohn).  An  earlier 
method  of  treatment  was  carried  on  in  the  neighbourhood  of  Noumea 
in  New  Caledonia,  and  consisted  in  smelting  the  ore  in  a  blast  furnace 
with  coke  and  fluxes,  producing  a  nickel-iron  alloy,  which  was  sent  to 
Europe  to  be  converted  into  pure  nickel. 

At  Noumea  the  pulverised  ore  was  mixed  with  fluorspar,  cryolite, 
soda,  manganese  ores  and  powdered  coal,  and  made  into  bricks  with 
tar.  It  was  then  smelted  with  coke  in  a  furnace  26  feet  high,  with  a 
blast  heated  to  400**  and  at  a  pressure  of  5  inches  of  mercury ;  the 
product  was  iron-nickel  alloy.    Limestone  was  added  to  combine  with 
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the  sulphur  in  the  coke,  half  a  ton  being  needed  per  ton  of  ore.  It 
the  ore  contained  too  little  iron,  other  ores  rich  in  iron  were  added. 
On  the  average  from  1,000  parts  of  ore  112  parts  ferro-nickel  were 
obtained  with  a  consumption  of  400  parts  coke. 

The  composition  of  this  ferro-nickel  is  seen  from  these  analyses  :— 

I.  XL 

Per  cent.  Per  oenL 

Carbon     . 1*70  340 

Silicon 2-40  085 

Sulphur 0-55  1-50       * 

Iron .    .    23-30  3235 

Nickel 75-50  60-90 

From  these  it  is  seen  that  in  spite  of  the  addition  of  limestone 
the  alloy  still  contained  an  appreciable  amount  of  sulphur.  The  feixo- 
nickel  was  exported  to  Europe,  where  it  was  attempted  to  purify  it 
from  sulphur,  silicon  and  iron  by  oxidising  processes.  For  example, 
at  Sept^mes,  near  Marseilles,  the  alloy  was  fused  on  a  hearth  of 
nickel  monoxide  in  a  Siemens-Martin  furnace,  and  finally  a  crude 
nickel  containing  manganese  was  added  to  remove  the  oxygen.  A 
lining  of  chalk  to  the  hearth  was  also  used  to  remove  the  silicon 
and  sulphur. 

This  operation  attained  its  aim  just  as  little  as  any  of  the  other 
diverse  methods  that  have  been  tried,  inasmuch  as  it  was  not  successful 
in  removing  iron  and  sulphur  from  the  nickel.  Consequently  thr 
production  of  the  nickel-iron  alloy  has  been  entirely  given  up. 

At  present  all  the  ore  raised  in  New  Caledonia  is  exported.  The 
greater  part  comes  to  Europe,  and  there  is  smelted  into  a  matte  in 
blast  furnaces  with  the  addition  of  materials  containing  sulphur. 
This  matte  is  refined  in  reverberatory  furnaces  or  converters,  or 
by  roasting  and  smelting  in  shaft  furnaces,  and  lastly  worked  up  bv 
roasting  into  nickel  oxide,  or  into  nickel  by  roasting  and  afterwards 
reducing.  These  processes  are  carried  on  chiefly  in  Glasgt>w. 
Birmingham,  Havre,  and  at  the  works  of  the  French  "  Le  Nickel 
Co.  at  Iserlohn. 

The  ores  are  smelted  in  shaft  furnaces,  which  are  surrounde^i 
with  water  jackets  either  throughout  their  height,  or  fix)m  the  bottom 
to  3  feet  3  inches  high.  Coke  and  fluxes  containing  sulphur  arv 
added  and  the  product  is  a  coarse  matte.  The  flux  chiefly  usd 
is  the  calcium  sulphide,  remaining  in  the  manufacture  of  soda  by  the 
Leblanc  process ;  if  this  cannot  be  obtained,  gypsum  is  used.  By  the 
use  of  this  flux,  the  whole  of  the  nickel  and  part  of  the  iron  pass  intv 
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matte.  The  calcium  sulphide  is  decomposed  by  the  nickel  silicate  of 
the  gamierite,  and  nickel  sulphide  and  calcium  silicate  are  formed.  If 
gypsum  is  used  it  becomes  reduced  to  sulphide  in  the  furnace  by 
the  coke,  and  the  action  with  gamierite  then  proceeds.  The  ore  is 
crushed  to  powder  with  gypsum  and  coal,  and  this  mixture  pressed 
into  bricks.  In  24  hours  25  to  30  tons  of  ore  are  put  through  one  of 
these  furnaces.  Levat  gives  the  consumption  of  coke  as  30  per  cent, 
of  the  ore.  The  matte  contains  50 — 55  per  cent.  Ni,  25 — 30  per 
cent  Fe,  and  16 — 18  per  cent.  S,  and  is  free  from  arsenic  and  copper. 
Just  as  above  with  nickel  coarse  matte,  this  can  be  freed  from  iron 
and  an  equivalent  quantity  of  sulphur  in  reverberatory  furnaces  or 
converters.  A  refined  matte  is  then  obtained  with  an  average  com- 
position of  75  per  cent.  Ni,  24  per  cent.  S,  0*5  per  cent.  Fe,  and 
0*5  per  cent,  of  various  impurities.  Just  like  the  refined  matte  from 
the  other  ores,  this  is  dead  roasted,  and  reduced  to  nickel. 

The  slag  obtained  from  the  ore  smelting  is  thrown  away.  If  the 
matte  is  to  be  refined  by  roasting,  and  then  fusing  with  sand,  this 
operation  is  performed  in  the  same  furnaces  with  water  jackets  as 
are  used  for  the  ore.  The  slag  obtained  in  the  refinery  contains  large 
quantities  of  nickel;  it  is  made  into  bricks  after  being  ground 
with  sand,  gypsum  and  coal,  and  smelted  to  a  matte  in  the  same 
furnaces.  This  matte  is  subjected  to  a  smelting  to  concentrate  it, 
and  then  treated  in  the  same  way  as  the  coarse  matte  obtained  from 
the  ore. 

Near  Frankenstein  in  Silesia,^  nickel  silicate  occurs  as  schuch- 
hardtite  (4  to  23  per  cent,  of  nickel),  pimelite  (5  to  7  per  cent, 
of  nickel)  and  gamierite  (15  to  18  per  cent,  of  nickel),  and  in 
lenticular  patches  in  serpentine  at  Glasendorf,  Kosemitz,  Zulzendorf, 
Baumgarten  and  Qrochau.  The  ores  at  present  produced  in  the 
Martha  and  Benno  mines  at  Glasendorf  and  Kosemitz,  are  treated 
at  the  Martha  works  near  the  mine  of  that  name.  Their  average 
composition  is : — 

SiOg 60     to  65-4  per  cent. 

MgO 8-5  „  12 

^^fi^l  6  8 

AiA/ "  " 

Ni      2-3  „     3-5       „ 

Loss  on  ignition  1  q  i  r 

(chiefly  water)  J 

1  Illner,  Zeifschr.  fur  Berg-,  Hxitten-  u.  ScUinenwtsen  im  PreuM.  Staate,  1902, 
p.  816. 
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The  ores  are  almost  free  from  copper,  for  at  most  they  contain  0*0032 
per  cent.  They  are  first  smelted  with  bodies  containing  sulphur  in 
shaft  furnaces,  yielding  thereby  crude  nickel  matte.  This  is  roasts 
in  reverberatory  furnaces  and  then  concentrated  in  shaft  furnaces, 
and  the  concentrated  matte  is  refined  in  converters.  The  refined 
matte  is  roasted  sweet  and  then  reduced  to  nickel. 

Gypsum  or  anhydrite  is  used  as  the  sulphurous  addition,  and 
limestone  or  sludge  from  the  sugar  works  as  slagging  material.  The 
charge  is  made  of  100  parts  of  ore,  10  of  gypsum  or  7  of  anhydrite, 
22  of  limestone  or  30  to  33  of  sludge.  It  is  crushed  in  stone  breakers 
and  rolls  to  half-inch  fragments  and  pressed  into  bricks  without 
binding  material;  the  bricks  are  dried  and  smelted  with  coke  for 
crude  matte.  The  smelting  takes  place  in  shaft  furnaces  16  feet 
4  inches  high  and  19  square  feet  in  cross-sectional  area  at  the 
tuyeres  ;  50  parts  of  coke  are  used  for  180  parts  of  ore.  Ekich  of  the 
two  furnaces  used  at  the  Martha  works  puts  through  26  tons  of 
ore  in  24  hours,  and  produces  from  100  tons  of  ore  7  tons  of  crude 
matte,  containing : — 

Ni 31*40  per  cent. 

Fe 49-71 

S 14-50 

The  slags  from  this  operation  are  very  pasty ;  they  contain  62  to 
71  per  cent,  of  silicon  and  0*3  per  cent,  of  nickel,  and  are  used  to  make 
slag  bricks. 

The  crude  matte  is  crushed  in  rock-breakers  and  ball  mills  and 
roasted  in  long-bedded  reverberatories  having  2  hearths,  one  abovi 
the  other,  each  20  feet  long  and  7  feet  wide.  In  8  hours  6  cwta  ••! 
matte  are  roasted,  and  the  roasted  matte  contains : — 

Ni 15  to  25  per  cent. 

Fe 33  „  45 

S 3  „     8         „ 

This  is  smelted  in  a  cupola  furnace  7  feet  4  inches  high  and  2  feet 
8  inches  in  diameter,  with  coke  and  sandstone,  and  it  yields  a  con- 
centrated matte  containing : — 

Ni      65  per  cent. 

Fe      15 

S 20        „ 

The  slags  from  this  operation  contain  2  to  3  per  cent,  of  nickel. 

62  per  cent,  of  iron  and  42  per  cent,  of  silicon.     They  are  added  t*» 

ore-smelting  charges. 
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The  concentrated  matte  is  transferred  to  a  converter  and  blown 
for  refined  matte.  The  converter  holds  6  cwts.  of  matte ;  sand  is 
added  during  the  blow,  which  lasts  for  45  minutes.  The  refined  matte 
is  cast  in  moulds  and  treated  for  nickel.     It  has  the  composition  : — 

Ni 77*84  per  cent. 

Fe 0-26 

S 21-31 

Cu 0*19         „      (maximum). 

The  slag  contains  up  to  10  per  cent,  of  nickel  and  is  added  in  the 
smelting  of  the  roasted  matte.  This  refined  matte  is  crushed  in 
rock-breakers  and  ball  mills,  and  the  sulphur  removed  down  to  1  per 
cent,  by  roasting  in  long-bedded  reverberatories.  The  roasted  mass 
is  again  crushed  and  completely  roasted  in  a  reverberatory  furnace 
to  nickel  oxide ;  this  contains  77*65  per  cent,  of  nickel,  O'lO  of  iron 
and  0-0088  of  sulphur. 

The  nickel  oxide  is  ground  between  mill-stones  to  a  fine  powder, 
mixed  to  a  paste  with  0*5  per  cent,  of  meal,  moulded  into  cubes  of 
J  inch  side  or  into  cakes,  then  dried  and  reduced  to  metallic  nickel  with 
addition  of  25  per  cent,  of  charcoal.  This  is  performed  in  vertical  tubes 
30  inches  high  and  8  inches  in  diameter,  which  are  closed  on  top  with 
a  fire-clay  lid.  The  tubes  stand  in  2  rows  of  10  each  in  a  furnace 
fired  by  gas,  with  regenerators,  the  length  of  the  furnace  being 
13  feet  4  inches,  its  breadth  6  feet  8  inches.  The  reduction  is 
complete  after  3  hours.  The  tubes  are  discharged  through  the 
bottoms,  which  are  closed  with  sliding  fire-clay  tiles.  The  nickel 
is  obtained  in  the  fonn  of  cubes  or  cakes,  and  contains : — 

Ni 99     per  cent. 

Fe 0*3 

Cu 0-2 

Insoluble  residue 0*5         „ 

The  yield  of  nickel  from  the  ores  is  stated  to  be  1*9  per  cent.  Sulphur 
dioxide  and  trioxide  generated  during  the  roasting  are  absorbed  by 
lime,  and  the  mixed  sulphite  arid  sulphate  of  calcium  thus  produced 
is  converted  entirely  into  sulphate  by  standing  in  air.  This  sulphate 
is  then  used  in  smelting  the  ores. 

3.   EXTRACTION  OF   NICKEL  FROM   ARSENICAL  ORES 

The  arsenical  ores  are  niccolite  or  kupfernickel,  chloanthite  and 
nickel  glance.  Only  a  very  small  amount  of  nickel  is  obtained  from 
these  ores,  owing  to  their  limited  occurrence.  Besides  gangue,  these 
nickel  ores  generally  contain   large  quantities  of  iron,  and   often 
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sulphur.  The  metallurgical  processes  consist  in  getting  rid  of  the 
gangue,  and  separating  nickel  from  iron,  arsenic  and  sulphur.  The 
separation  of  nickel  from  iron  depends  on  the  fact  that  the  chemical 
attraction  of  iron  for  oxygen  is  greater  than  that  of  nickel,  whilst  the 
affinity  of  arsenic  for  nickel  is  greater  than  its  affinity  for  iron.  It  is 
therefore  possible  to  oxidise  and  slag  the  iron  in  the  ore,  while  the 
nickel  is  separated  as  arsenide. 

At  a  sufficiently  high  temperature  nickel  arsenide  is  converted  bv 
the  oxygen  of  the  air  into  a  mixture  of  nickel  monoxide  and  arseniate. 
The  latter  is  mostly  converted  into  monoxide  by  strongly  heating 
with  carbon,  and  afterwards  in  a  current  of  air.  Another  way  is  to 
remove  the  arsenic  of  nickel  arsenide  as  an  alkaline  arseniate  by 
heating  with  saltpetre  and  soda,  while  the  nickel  is  converted  into 
monoxide.  Washing  with  water  removes  the  alkaline  arseniate  fbm 
this  oxide.  The  nickel  monoxide  is  reduced  to  nickel  as  describe! 
above. 

The  production  of  pure  nickel  arsenide  or  nickel  speiss  from  the 
ores  entails  roasting  and  smelting  operations.  If  the  ores  contain 
sulphur,  or  more  arsenic  than  is  required  to  form  the  compound 
NigAs,  they  are  subjected  to  an  oxidation  to  remove  the  sulphur  and 
excess  of  arsenic ;  and  then  reduced  in  shaft  furnaces.  But  if  the 
ores  contain  no  metallic  sulphides  and  no  excess  of  arsenic  but  onlv 
gangue,  they  are  subjected  at  once  to  a  smelting,  with  formation  of 
slag,  in  shaft  furnaces. 

Since  as  a  rule  there  is  a  large  proportion  of  arsenide  of  iron  in 
the  ores,  a  speiss  is  generally  obtained  which  contains  iron,  which  i< 
known  as  "  coarse "  speiss ;  and  it  rarely  consists  of  only  nickel 
arsenide.  It  is  roasted  in  order  to  oxidise  it,  after  which  it  is  smelted 
in  reverberatory  or  shaft  furnaces ;  it  may  also  be  fused  and  oxidised 
on  a  hearth  or  in  a  reverberatory  furnace,  which  removes  the  iron 
and  a  corresponding  amount  of  the  arsenic.  If  the  speiss  is  poor  in 
nickel  and  rich  in  arsenic  and  iron,  these  operations  will  have  to  be 
repeated.  The  nickel  speiss  free  from  iron,  which  is  finally  obtained 
— "refined  nickel  speiss" — is  completely  roasted  in  reverberatory 
furnaces,  carbonaceous  bodies  being  mixed  with  it  from  time  to  time 
to  help  to  remove  the  arsenic,  and  at  the  end  of  the  process  saltpetre 
and  soda  are  added.  In  this  way  nickel  monoxide  is  formed,  and  is 
reduced  in  the  usual  manner. 

We  must  thus  distinguish  three  operations : — 

a.  Conversion  of  ore  into  coarse  speiss. 

b.  Conversion  of  coarse  speiss  into  refined  nickel  speiss. 

c.  Conversion  of  refined  nickel  speiss  into  nickel. 
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a.   CONVERSION  OF   ORE   INTO   COARSE  SPEISS 

The  basis  of  this  conversion  is  the  following :  Ores  which  contain 
sulphur,  arsenide  of  iron,  or  more  arsenic  than  is  required  to  form  the 
compound  Ni^As  are  calcined  and  then  reduced  in  shaft  furnaces ; 
ores  free  from  sulphur  or  arsenide  of  iron,  and  not  containing  excess 
of  arsenic,  are  smelted  direct  in  reverberatory  or  shaft  furnaces  with 
the  object  of  producing  a  slag. 

a.  Boasting  the  Ch^es 

When  the  ores  are  free  from  sulphur,  the  roasting  should  be 
regulated  so  that  the  arsenic  is  brought  down  to  the  quantity  suffi- 
cient to  combine  with  the  whole  of  the  nickel  to  form  NigAs  as  the 
main  product  of  the  subsequent  smelting.  If  the  roasting  is  carried 
too  far,  and  the  quantity  of  arsenic  is  less  than  this,  nickel  will  pass 
into  the  slag.  When  sulphur  is  present,  the  roasting  should  remove 
it  as  completely  as  possible,  unless  there  is  also  copper  enough  to 
be  worth  extracting.  In  this  case  sulphur  should  be  retained  in 
such  quantity  that  a  copper  matte  is  formed  during  smelting,  and 
separates  from  the  speiss. 

During  the  roasting  arsenic  is  converted  partly  into  arsenic 
trioxide,  partly  into  pentoxide.  The  iron  and  the  nickel  arsenides 
lose  arsenic  and  become  converted  into  oxides.  The  higher  compound 
of  arsenic  is  formed  by  the  oxidation  of  the  trioxide  where  it  is  in 
contact  with  red-hot  masses  of  ore,  and  the  red-hot  furnace  walls ;  it 
combines  partly  with  the  iron  and  nickel  oxides  (with  cobalt  oxide 
and  with  silver  also  if  present).  Further,  part  of  this  arsenic  pent- 
oxide  is  reduced  again  to  trioxide  by  contact  with  undecomposed 
arsenides,  and  with  the  lower  metallic  oxides,  if  any  should  be 
present.  Arseniate  of  nickel  is  much  more  easily  produced  than  the 
corresponding  salt  of  iron.  The  arseniates  are  fairly  stable  at 
a  high  temperature,  as  they  are  not  readily  decomposable  by  heat 
alone.  If  it  is  desired  to  remove  the  arsenic  from  them,  powdered 
coal  or  carbonaceous  matter  is  added.  By  these  means  iron  arseniate 
is  somewhat  readily  converted  into  ferric  oxide,  while  the  acid 
radicle  is  converted  into  arsenic  trioxide  and  suboxide,  with  the 
formation  of  carbon  dioxide.  Arseniates  of  cobalt  and  nickel  are 
converted  into  arsenides,  which,  in  a  current  of  air,  are  converted  into 
oxides  and  basic  arseniates,  with  a  loss  of  some  arsenic  as  trioxide. 
The  product  of  the  roasting  is  accordingly  a  mixture  of  undecom- 
posed arsenides,  oxides  and  basic  arseniates. 
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If  metallic  sulphides  are  present  in  the  ores  they  are  oxidised  tu 
sulphates.  Vapours  of  sulphur  trioxide  are  formed  from  sulphur 
dioxide  by  contact  action,  or  from  the  decomposition  of  sulphates,  and 
exert  an  oxidising  action  on  arsenides,  which  are  partly  converted 
into  arseniates.  Any  arsenical  pyrites  (iron  sulphate  and  arsenide) 
present  in  the  ore,  gives  off  fumes  of  sulphide  of  arsenic;  at  a  re<l 
heat  it  is  converted  into  a  mixture  of  ferric  oxide,  sulphate  and 
arseniate,  setting  free  sulphur  dioxide  and  arsenic  trioxide. 

Carbonates  of  iron  and  calcium,  which  are  frequently  present  in 
nickel  ores,  are  changed  into  arseniates  of  those  metals,  or  into  a 
mixture  of  sulphates  and  arseniates  if  sulphides  are  present.  During 
this  heating  the  heat  must  not  be  carried  so  high  that  any  siliai 
present  forms  silicate  with  nickel  monoxide,  because  this  nickel  sili- 
cate is  but  imperfectly  decomposed  again,  in  the  subsequent  smelting, 
with  the  formation  of  arsenide  of  nickel.  Thus,  if  sulphides  are  pre- 
sent in  the  ore,  the  product  of  roasting  is  a  mixture  of  metallic  sul- 
phides, arsenides,  oxides,  sulphates  and  arseniates. 

The  roasting  may  be  performed  in  heaps,  stalls,  reverberatory  or 
shaft  furnaces,  or  muffles.  Since  the  complete  removal  of  the  arsenic 
is  not  really  necessary,  the  ores  are  roasted  in  stalls  in  most  works, 
these  stalls  allowing  of  the  collection  of  arsenic  trioxide  in  the 
chambers  attached. 

The  best  forms  of  apparatus  for  roasting  are  reverberator)'  fur- 
naces and  muffles.  In  the  latter  it  is  very  easy  to  attain  exactly 
the  desired  limit  in  roasting.  If  it  is  necessary  to  make  the  fiimes 
quite  harmless,  or  to  collect  the  whole  of  the  arsenic  trioxide  fonm<l. 
they  should  be  used. 

Stalls  were  or  are  in  use  at  Schladming  in  Styria,  Dobschau  in 
Hungary,  and  Leogang  in  Salzburg. 

At  Schladming,^  ores  containing  11  per  cent,  of  nickel  and  1  i>er 
cent,  of  cobalt  were  roasted  in  so-called  Bohemian  roasting  stalls.- 
16^  feet  long,  15  feet  wide  and  4  feet  high,  which  were  connecter! 
with  condensing  chambers  for  sulphide  of  arsenic  and  arsenic  tri- 
oxide. On  the  brick  bottom  of  the  stall  was  spread  5  inches  of  wood 
and  a  quarter  of  an  inch  of  wood  charcoal ;  on  this  18  or  20  tons  of 
ore  spread  out  to  a  thickness  of  about  an  inch.  In  the  long  axes  of 
the  stall  were  two  square  wooden  conduits,  to  improve  the  draught, 
and  these  were  in  connection  with  canals  in  the  floor  left  free  from 
ore.  Before  firing  the  stall  a  layer  of  fine  ore  was  placed  on  the  sur- 
face of  the  charge,  and  then  the  stall  bricked  up.     Firing  was  done 

1  Badoureau,  Berg-  und  Hi'iit.  Ztg.,  1878,  p.  205. 
a  Allg.  IlmenhuiuU,  p.  328. 
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by  shovelling  red-hot  coals  in  at  the  wooden  conduits.  The  roasting 
lasted  5  to  8  days. 

At  the  George  Smelting  Works  at  Dobschau  in  Hungary,  ore 
containing  4*5  per  cent,  of  nickel  and  1'5  per  cent,  of  cobalt  was 
roasted  in  stalls  with  arched  roofs  10  feet  high,  16J  feet  long,  and 
13  feet  wide,  connected  with  condensing  chambers ;  40  tons  of  ore 
formed  the  charge  in  one  stall.  The  bed  was  formed  of  If  — 2  cords 
wood.     The  roasting  lasted  2  to  3  days. 

At  the  Losonez  Works  in  Hungary,^  ores  containing  14  to  20  per 
cent,  of  nickel  with  cobalt  and  0*5  per  cent,  of  copper  were  roasted 


Fio.  468. 


Fio.  409. 


Fio.  470. 


in  reverberdtory  furnaces  on  beds  10  feet  square  in  charges  of  16  cwt. 
to  I  ton.     Wood  was  used  as  fuel. 

A  reverberatory  gas-furnace  designed  by  Flechner-  for  the  roast- 
ing of  ores  and  speiss  is  depicted  in  Figs.  468-470.  It  is  said  to  be 
used  at  Schladming,  and  (with  direct  firing)  in  Westphalia.  The  gas 
enters  the  middle  of  the  furnace  through  the  channel  a,  and  the  air 
necessary  for  its  combustion  is  led  in  through  the  pipe  /. 

The  products  of  combustion  pass  through  four  openings  (up- 
takes) g,  built  in  the  side  walls  of  the  furnace,  into  the  perpendicular 
channels  &,  and  thence  into  the  chimney.  The  ore  is  charged  into 
the  furnace  through  two  openings  c  in  the  roof.  The  working 
»  Btrfj-  mid  Huttenm.  Ztg.,  1878,  p.  206.  2  /^,vi.,  1879,  p.  211. 
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openings  are  at  the  four  comers  of  the  furnace.  In  front  of  each  of 
these  is  a  perpendicular  shaft  e,  which  is  connected  with  the  inter- 
secting passages  A.  Waggons  are  wheeled  into  the  latter  in  order  to 
remove  the  roasted  products  when  emptied  through  the  channels  e, 

fi.  The  Smelting  of  the  Nickel  Ore  into  Coarse  Speiss 

If  gangue  only  has  to  be  separated  from  the  nickel  arsenide,  the 
ores  are  smelted  in  blast  or  reverberatory  furnaces  with  the  addition 
of  fluxes  and  slag-forming  materials.  The  slagging  away  of  the 
gangue  is  the  only  chemical  change  aimed  at  in  this  process. 

But  if  the  ores  have  been  roasted  beforehand,  and  now  consist  of 
mixed  oxides,  arseniates  and  undecomposed  arsenides,  with  often 
sulphates  and  sulphides  as  well,  then  the  whole  amount  of  nickel 
in  the  roasted  product  has  to  be  collected  into  a  speiss,  the  gangue 
to  be  completely  slagged,  and  the  iron  as  far  as  is  possible.  Any 
copper  worth  extracting  should  be  collected  in  a  matte.  This  sort  of 
smelting  is  usually,  performed  in  a  blast-furnace,  but  can  also  be 
carried  out  in  a  reverberatory  furnace. 

In  the  blast  furnace  used  as  a  rule  on  the  Continent,  ferric  oxide 
is  reduced  to  ferrous  and  slagged  with  silica.  Nickel  monoxide  is 
partly  reduced  to  metal,  partly  I'eacts  with  iron  arsenide  to  form 
nickel  arsenide  and  ferrous  oxide,  which  latter  is  also  slagged  bv 
silica.  The  metallic  nickel  takes  arsenic  from  compounds  of  nickel 
containing  it  in  larger  proportion,  and  NijAs  is  thus  formed,  or  it 
takes  arsenic  from  iron  arsenide.  This  latter  is  thereby  reduced  to 
a  compound  containing  less  arsenic,  or  iron  is  separated  if  such  com- 
pounds cannot  be  formed.  The  iron  may  be  taken  up  by  the  speiss, 
but  part  of  it  reacts  with  ferric  oxide  to  form  ferrous  oxide  which  is 
slagged. 

Nickel  arseniate  is  reduced  to  arsenide.  Iron  arseniate  loses  most 
of  its  arsenic  in  the  upper  part  of  the  furnace,  and  arsenic  pentoxide 
is  reduced  to  trioxide  by  the  action  of  carbon  monoxide  ;  this  trioxide 
volatilises,  while  carbon  dioxide  is  also  formed,  and  ferric  oxide  is 
left,  which  is  reduced  to  ferrous  oxide  and  slagged. 

If  metallic  sulphides,  ivnd  sulphates  of  copper  and  iron  are  present, 
the  same  changes  occur  as  stated  above  in  the  smelting  of  roasted 
nickel  ores  containing  sulphur.  Copper  sulphide  unites  with  any 
metallic  sulphides  that  remain  to  form  a  matte.  Nickel  arsenide 
unites  with  any  remaining  iron  arsenide,  or  other  arsenides  that  may 
be  present,  to  form  a  speiss.  If  the  copper  pi-esent  finds  no  sulphur 
to  combine  with,  it  passes  into  the  speiss.     If  the  matte  is  in  ven 
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small  quantities  it  is  taken  up  by  both  slag^W5tti!.qSiab«<*othe  it 

separates  out  above  the  speiss. 

Earthy  matter  present,  as  well  as  most  of  the  iron,  passes  into 
the  slag.  If  there  is  not  enough  arsenic  present  to  combine  with  all 
the  nickel,  a  corresponding  portion  is  slagged  off.  Any  nickel  silicate 
present,  formed  by  too  great  heat  in  the  roasting,  goes  for  the  most 
part  into  the  slag.  Nickel  silicate  and  iron  arsenide  do  not  readily 
interact,  so  it  is  not  possible  to  get  back  all  the  slagged  nickel  into 
the  speiss  by  such  a  change. 

The  smelting  is  conducted  so  that  a  monosilicate  containing  at 
least  30  per  cent,  of  ferrous  oxide  is  formed.  An  acid  slag  will 
contain  nickel.  (According  to  Badoureau,  when  nickel  and  cobalt 
arsenide  are  smelted  together  with  a  slag  containing  30  per  cent,  of 
ferrous  oxide,  the  two  former  metals  are  practically  not  slagged  at  all.) 
Otherwise  the  same  principles  are  observed  in  the  formation  of  the 
slag  as  were  laid  down  above  for  its  formation  in  smelting  the  sul- 
phuretted nickel  ores  in  blast  funiaces.  Further,  with  regard  to  the 
aiTangement  of  the  furnaces  and  conducting  of  the  operation,  all 
that  has  been  said  there  still  applies.  The  furnaces  arc  constructed 
usually  as  crucible  furnaces  or  have  fixed  fore- hearths. 

Kupfernickel  containing  heavy  spar  used  to  be  smelted  at 
Sangerhausen  ^  without  previous  roasting.  The  blast  furnace, 
constructed  as  a  crucible  furnace,  was  6^  feet  high  and  1  foot  wide. 

I  lb.  fluorspar  was  added  as  flux  to  100  lbs.  ore,  together  with  2  lbs. 
clay  and  4  lbs.  quartz,  and  also  a  measured  quantity  of  slag  from  a 
previous  operation.  100  lbs.  of  ore  required  15^  cb.  ft.  charcoal.  The 
speiss  obtained  contained  about  40  per  cent,  of  nickel.  As  instances 
of  the  smelting  of  roasted  ore,  we  may  take  Schladming  in  Styria, 
Dobschau  in  Hungary,  and  Leogang  in  Salzburg. 

At  Schladming,^  where  the  ore  was  roasted  in  stalls,  and  contained 

II  per  cent,  of  nickel  and  1  per  cent,  of  cobalt,  it  was  smelted  in  blast 
furnaces  with  crucible  hearths,  6i  feet  high,  provided  with  one  tuyere 
in  the  back  wall.  This  furnace  had  a  trapezoidal  horizontal  section, 
U  feet  wide  in  the  tuyere  wall,  1  foot  9  inches  wide  in  the  front  wall, 
and  2  feet  deep.  The  tuyere  was  5  feet  7  inches  below  the  mouth, 
and  10  inches  above  the  bottom.  The  crucible  had  tw^o  tap  holes, 
each  of  which  communicated  with  a  fire-hearth.  These  hearths  were 
made  of  slag  from  ore  smelting,  worked  into  a  paste  with  milk  of 
lime.  The  charge  consisted  of  89  parts  roasted  ore,  and  19  parts 
quartz.     In  24  hours  5  tons  of  ore  were  put  through,  with  the  use 

1  Btrg-  nnd  IluUenm.  Ztg.,  1864,  p.  59. 
«  /Wd.,  1878,  p.  205. 
VOL.    II  Z   Z 
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of  18  cwt.  of  charcoal.     The  speiss,  which 

was  tappei 

contained : — 

45  to    47  per 

cent. 

Ni 

4   „       6     „ 

i» 

Co 

8   „     10     „ 

Fe 

1    „       1-5  „ 

a 

Cu 

33  „     36     „ 

>» 

As 

1   „       2     „ 

1) 

S 

1  „       2     „ 

a 

Charcoal 

At  the  George  Works  at  Dobschau  ^  in  1876,  the  ore  contained 
4*5  per  cent,  of  nickel  and  1*5  per  cent,  of  cobalt,  and  was  roasted  in 
stalls.  It  was  then  smelted  in  blast  furnaces  16J  feet  high,  circubir 
in  horizontal  section,  and  having  two  tuyferes.  The  diameter  was 
3  feet  4  inches  at  the  level  of  the  tuyere,  4  feet  at  the  mouth.  The 
tuyere  was  2}  inches  in  diameter,  the  blast  pressure  21  inches  of 
mercury.  The  charge  was  100  parts  ore,  3-4  quartz,  8-12  limestone, 
5-10  rich  slag.  In  24  hours  7  to  10  tons  of  ore  were  put  through, 
with  one-fifth  the  amount  of  charcoal.  The  speiss  obtained  contained 
from  16  to  20  parts  per  cent,  of  nickel  and  cobalt. 

At  Leogang  in  Salzburg,^  the  calcareous  ore  containing  2  to  3  pT 
cent,  of  nickel  and  cobalt  was  roasted  in  stalls,  and  smelted  with  tht- 
addition  of  quartz  in  blast  furnaces  4  feet  high  and  2i  X  2i  feet  in 
plan.     The  slag  obtained  containe<l  some  cobalt. 

The  smelting  of  the  ore  in  reverberatory  furnaces  is  said  to  he 
practised  only  in  England.  In  such  the  nickel  monoxide  and  arseniato 
formed  in  the  roasting  react  with  iron  arsenide  to  form  fem>us 
oxide  and  nickel  araenide.  The  iron  is  slagged.  Instances  of  ihL- 
method  have  not  come  to  the  knowledge  of  the  writer. 

6.    CONVERSION   OF   COARSE   SPEISS   INTO   REFINED   NICKEL  SPEIS*^. 

This  conversion,  which  aims  at  the  removal  of  the  iron  with  it> 
equivalent  of  arsenic,  consists  either  (1)  in  roasting  the  coarse  spei.s> 
and  then  smelting  it  in  blast  furnaces,  and,  if  necessary,  repeatini: 
the  whole  process  on  the  speiss  obtained  ;  or  else  (2)  roasting, 
smelting  in  reverberatories,  and  always  repeating  the  operation  on 
the  insufficiently  pure  product ;  or  'else  (3)  smelting  the  roast«i 
coarse  speiss  in  crucibles ;  or  else  (4)  taking  the  speiss  formed  by 
roasting  the  coarse  one  and  smelting  in  either  of  the  two  sorus  <»t 

^  Bery-  und  Hiittenm.  Zty.y  p.  206.  "^  Ibid.,  p.  206. 
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furnaces,  then  subjecting  the  product  to  an  oxidising  fusion  in  a 
reverberatory  furnace  without  previous  roasting. 

The  chemical  changes  in  roasting  the  speiss  are  the  same  as  in 
roasting  the  ore. 

The  changes  in  smelting  this  roasted  speiss  in  blast  furnaces  are 
the  same  as  for  similar  smelting  of  roasted  ore,  except  for  the  slag- 
ging of  the  earthy  matter.  When  the  smelting  takes  place  in  a 
reverberatory  furnace,  the  changes  are  chiefly  these :  iron  arsenide 
reacts  with  nickel  monoxide  and  arseniate  to  form  ferrous  oxide  and 
nickel  arsenide.  The  ferrous  oxide  is  slagged  by  means  of  the  silica 
present  in  the  hearth,  or  added,  or  by  the  addition  of  potash  and 
soda,  while  nickel  forms  a  speiss. 

Smelting  in  crucibles  entails  the  same  changes  as  smelting  in 
reverberatory  fiimaces. 

When  unroasted  speiss  undergoes  an  oxidising  fusion  in  hearths 
or  reverberatories,  the  iron  is  first  oxidised  or  converted  into  iron 
arseniate  (as  in  the  Plattner  nickel  assay),  and  then  is  slagged  by 
means  of  sand,  glass  and  quartz  strewed  on  the  molten  metal. 
After  iron  follows  cobalt,  and  nickel  after  that.  The  process  of 
oxidation  can  be  so  regulated  by  repeated  drawing  off  of  slag,  and 
repeated  strewing  of  sand  or  poor  quartzose  ores  on  the  molten 
mass,  that  nickel  remains  combined  as  arsenide,  while  iron  passes 
into  the  slag. 

The  roasting  of  the  speiss  is  carried  on  in  stalls  or  reverberatory 
furnaces.  Here  also  condensing  chambers  are  added  to  make  the 
products  harmless,  or  to  collect  the  arsenic  trioxide.  The  Flechner 
reverberatory  furnace  described  above  ^  has  been  used,  with  specially 
gowl  results,  either  with  gas  or  with  direct  firing. 

The  blast  furnaces  for  smelting  are  similar  to  those  used  for 
ore. 

Among  reverberatory  furnaces  for  smelting  the  speiss  or  for  re- 
fining it  by  a  blast,  the  Hungarian  furnace  and  the  Flechner  one 
with  gas  deserve  mention. 

The  arrangement  of  the  Hungarian  reverberatory  furnace  *  is 
shown  in  Figs.  471,  472. 

The  bed  S  of  the  furnace,  which  is  8  feet  long  and  61  feet  in 
maximum  width,  consists  of  layers  one  above  the  other  of  slag,  clay, 
sand  and  marl.  The  smelting  hearth  is  hollowed  out  in  the  marl 
layer.  C  is  the  roof  over  the  hearth-bed,  2  feet  7  inches  high ;  at 
the  highest  point  /are  openings,  for  the  admission  of  air,  21  inches 

»  P.  703. 

a  Berg-  und  Hnttenm.  Ztg.,  1878,  p.  206  ;  Kerl,  MetaHhiUUnhunde,  p.  538. 
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wide  at  the  nose.  Through  these,  air  at  a  pressure  of  lOi  inchi? 
of  water  is  blown  into  the  hearth-chamber.  The  fire-grate  is  4  feet 
2  inches  long  and  2^  feet  wide.     This  contains  two  grates,  R  and  r, 


Fio.  471. 


Fio.  472. 


one  over  the  other,  of  which  the  upper  H  is  made  of  slag  bricks,  ih' 
lower  r  of  iron  bars.  Wood  is  burnt  on  the  upper  grate ;  the  chamni 
sticks  fall  through  the  interstices,  shown  in  the  figure,  on  to  the  in  f' 
grate  underneath,  where  they  are  completely  burnt. 

The  construction  of  Flechner  s  reverberatory  furnace  with  p^' 
fuel  is  shown  in  Figs.  473  to  478. 
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A  is  the  gas-producer,  B  the  hearth,  0  the  flue.     The  air  for  the 
combustion   of  the   gases   enters   at   2),   and    ascends  through  the 
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Fig.  474. 
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Fig.  476. 
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channels  /,  which  are  placed  between  d,  d,  the  exit-flues  foi-  com- 
bustion products.  It  is  warmed  in  the  pipe  g,  passing  under  the 
hearth  of  the  furnace,  and  then  passes  on  through  the  ports  c  into 
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the  chamber  6,  where  it  is  mixed  with  the  gases  streaming  out  from 
the  producer  through  the  channel  a.  The  burning  gases  pass 
through  the  port  e  into  the  heating  chamber,  and  thence  through 
the  port  d  into  the  chimney  G,  Through  the  hopper  i  the  fuel 
is  introduced  into  the  producer.  The  roof  of  the  furnace  is 
movable  on  hinges.  The  air  for  combustion  is  regulated  by  the 
valve  L 

At  the  George  Works  at  Dobschau/  coarse  speiss  containing  16 
to  26  per  cent,  of  nickel  and  cobalt  was  roasted  in  stalls  with  from  3 
to  5  firings,  and  then  smelted  to  a  concentrated  speiss  in  blast 
furnaces  similar  to  those  used  for  the  ore.*  In  24  hours  11  tons  of 
speiss,  with  23  per  cent,  of  quartz  and  26*5  per  cent,  of  charcoal,  were 
put  through.     The  concentrated  speiss  contained  — 

Ni  and  Co 31*9  per  cent. 

Cu 1-9 

Fe 26-4 

As 36-3 

S         31 

This  speiss  was  roasted  three  or  four  times  in  stalls,  and  then 
again  smelted  to  a  doubly  concentrated  speiss  in  one  of  the  Hungarian 
furnaces  described  above.  The  charge  in  it  was  1*8  to  2  tons  of 
roasted  speiss.  When  the  roasted  material  was  all  fused,  which 
took  10  hours,  the  air  blast  was  turned  on,  and  glass,  quartz  and  soda 
were  added.  To  prevent  cobalt  in  appreciable  quantity  from  being 
slagged,  the  whole  of  the  iron  was  not  removed,  but  the  blast  stopped 
when  the  iron,  all  but  8  or  10  per  cent.,  was  removed  (after  12  to  14 
hours).  100  parts  of  the  roasted  concentrated  speiss  required  2  part? 
of  glass,  4  of  quartz  and  1  of  soda.  The  doubly  concentrated  speis? 
had  this  composition : — 

Ni  and  Co 50 — 52  per  cent 

Cu 1-2 

Fe      8-^10 

As      38—40 

S        1-2 

The  slag  contained  1  or  2  per  cent.  Ni  and  Co,  and  was  added  to 
ores  during  smelting.  From  the  doubly  concentrated  speiss  nickel 
and  cobalt  were  extracted. 

At  the   Maudling  Works  ^  in  Austria,   the   coarse   speiss  froni 

I  B*>.r<jxmd  HiUtenm.  Zttj.,  1878,  p.  206.  «  P.  706. 

»  Berg-itnd  HuUeim.  Zlg.,  1878,  p.  206. 
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Schladiuiug  in  Styria  was  worked  up.  It  contained  45  to  47  per 
cent,  of  nickel  and  4  to  6  per  cent,  of  cobalt.  It  was  first  roasted  in 
a  reverberatory  furnace  with  octagonal  hearth  and  8  working 
doors,  the  central  fireplace  being  situated  under  the  middle  of  the 
bed.  After  this  it  .was  smelted  in  graphite  crucibles  with  potash  and 
quartz.  The  crucibles  were  placed  8  in  each  air  furnace,  and  each 
contained  35  to  45  lbs.  of  the  roasted  coarse  speiss,  with  30  per  cent, 
potash  and  12  per  cent,  quartz.  The  heating  of  this  furnace  took 
8  hours,  then  the  fusion  took  place  after  6  hours  more ;  the  crucibles 
remained  17  more  hours  in  the  fire,  and  then  were  taken  out  and 
emptied.  In  24  hours  194  cub.  ft.  charcoal  were  used.  100  parts 
of  roasted  coarse  speiss  gave  55  refined  speiss  with  67  per  cent,  of 
Ni,  Co  and  Cu,  2  per  cent,  of  Fe  and  31  per  cent,  of  As.  The  slag 
was  a  mixture  of  arseniates  and  silicates  of  cobalt  and  iron. 

At  Leogang  in  Salzburg,^  the  coarse  speiss  was  roasted  in  stalls 
three  or  four  times,  and  then  smelted  to  a  concentrated  speiss  in  blast 
furnaces  with  quartz  and  slag  from  the  first  smelting.  The  latter 
speiss  was  subjected  to  a  blast  in  a  Hungarian  reverberatory  furnace 
on  a  quartz  bed.  The  blast  was  continued  with  repeated  removal  of 
slag  and  addition  of  sand  until  all  the  iron  was  slagged.  The  slag 
resulting  contained  cobalt,  and  was  smelted  with  quartz  and  arsenic 
into  a  cobalt  speiss. 


C.   CONVERSION   OF   REFINED   SPEISS   INTO  RAW  NICKEL 

This  conversion  is  effected  by  a  complete  roasting  of  the  speiss 
and  subsequent  reduction  to  metal. 

a.  The  Dead  Roasting  of  Refined  Nickel  Speiss 

The  object  of  this  is  to  convert  the  arsenide  of  nickel  entirely 
into  monoxide.  It  is  done  by  repeated  roasting,  the  decomposition  of 
any  arseniate  formed  being  ensured  by  the  addition  of  carbonaceous 
niatter,  or  part  of  the  arsenic  may  be  converted  into  alkaline 
arseniate  by  the  addition  of  saltpetre  and  soda  during  the  roasting. 
Again,  the  two  treatments  may  be  combined,  and  first  carbonaceous 
matter,  secondly  saltpetre  (alone  or  with  soda)  added  to  the  speiss 
during  roasting. 

Nickel  arsenide  is  oxidised  to  monoxide  and  to  arseniate,  while 
arsenic  trioxide  escapes.     The  arseniate  may  be  made  to  give  off 

^  Berg^uiid  HiUlenm.  Ztg,,  1878,  p.  200, 
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some  arsenic  and  fomi  a  basic  compound  by  raising  the  tem|K^raluiv. 
But  in  presence  of  carbon  it  is  reduced  to  arsenide,  which  again 
becomes  converted  partly  into  monoxide,  partly  into  arseniato,  l»v 
oxidation,  while  more  arsenic  trioxide  is  given  oflF.  The  amount  «'f 
arseniate  present  thus  diminishes,  and  in  this- way,  by  alternate 
oxidation,  and  reduction,  all  the  arsenic  is  finally  removed. 

Again,  the  addition  of  saltpetre  to  the  charge  converts  the  arsenic 
into  an  alkaline  arseniate,  easily  removed  by  washing  with  wakr. 
By  taking  advantage  of  this  action  the  last  portions  of  ai*senic  aiid 


.A_ 


Fio.  479. 


Fig.  480. 


Fio.  481. 


of  sulphur  are  removed,  the  sulphur  as  alkali  sulphate.  Frequeiiily 
soda,  or  soda  and  salt,  is  added  with  the  saltpetre.  By  the  action  "i 
the  salt  some  arsenic  chloride  (and  antimony  chloride  from  aiv 
antimony  present)  are  formed  and  volatilised. 

(Apart  from  roasting,  arsenic  may  be  removed  also  by  smoltir.^^ 
the  speiss  with  saltpetre  and  soda,  or  smelting  it  with  soda  an  1 
sulphur,  and  washing  out  the  salts  formed ;  or  it  can  be  i-emovt^l  i: 
the  form  of  sulphide  of  arsenic  by  heating  the  speiss  with  sulphur  :n 
absence  of  air.) 

At  Schladming^  the  refined  speiss  was  completely  rojistt^HJ  \u 
a  furnace,  of  which  the  construction  may  be  seen  in  Figs,  4T'* 
to  48L2 

The  fireplace /lay  under  the  hearth  R,  which  was  6  feet  6  inch- 
square.  The  gaseous  products  of  combustion  passed  up  the  perptn 
dicular  chimney  k  opening  into  the  heating  chamber  in  the  mM 
of  the  hearth.  They  left  this  latter  by  four  openings  z  at  th 
four  comers,  which  openings  served  also  as  working  ports,  thec' 
into  chimney  hoods  over  the  corners,  and  over  the  arch  of  the  furn.v 
into  the  chimney  y. 

^  Bertj-  tmd  HiUlenm,  Ztg.,  1878,  p.  228. 
^  Kerl,  MttallhiiUenkunde,  p.  548. 
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The  charge  in  the  furnace  was  4  cwt.  of  speiss,  which  was  dead 
roMsted  in  24  hours,  using  wood  fuel.  After  20  hours  had  elapsed, 
about  45  lbs.  of  a  mixture  of  equal  quantities  of  saltpetre  and  soda 
was  added,  which  converted  the  arsenic  still  present  into  alkaline 
arseniate.  This  was  dissolved  out  after  the  roasting,  in  a  tub  with 
water.     The  residue  consisted  of  nickel  oxide. 

At  the  George  Works  at  Dobschau  in  Hungary,  the  refined 
speiss  was  roasted,  in  1867,  in  a  reverberatory  with  double  hearth. 
Towards  the  end  of  the  first  roasting,  pine  needles  or  charcoal  dust 
was  added  to  the  mass  at  intervals  of  about  half  an  hour.  The 
product  was  sieved  and  ground,  and  then  mixed  with  10  per  cent,  of 
its  weight  of  soda,  5  per  cent,  of  saltpetre,  and  10  per  cent,  of  sea  salt, 
and  subjected  to  a  second  roasting  for  4  hours.  In  this,  arsenic  and 
antimony  were  partly  volatilised  as  chlorides,  partly  converted  into 
alkaline  arseniates  and  antimoniates.  On  account  of  these  the  mass 
remained  pasty  for  2  hours.  After  the  roasting  the  areeniates  and 
antimoniates  were  removed  by  repeated  washing  with  hot  water. 

fi.  Bedicction  of  Bead  Roasted  Speiss  to  Crude  Nickel 

This  is  done  in  the  same  way  as  the  reduction  of  a  completely  roasted 
matte  of  nickel,  given  above.     If  the  speiss  contains  copper,  so  will 


Fio.  482. 


the  •crude  nickel.  At  Schladming  in  Styria,  from  1860  to  1867,^ 
the  dead  roasted  and  ground  speiss  was  mixed  with  4  per  cent,  of 
syrup,  and  made  up  on  a  tin  plate  into  cakes  weighing  3*7  lbs., 
6  inches  wide,  10  inches  long,  and  J  inch  thick  ;  these  were  dried  and 
cut  into  cubes.  The  cubes  were  dried  in  the  sun  or  in  a  baking-oven 
and  reduced  to  metal  in  crucibles  of  fire-clay.  Each  cinicible  took  a 
charge  of  26  to  29  lbs.  of  the  cubes  of  nickel  monoxide,  with  3  lbs.  of 

1  Berg-  und  HutUnm.  Zlg.y  1878,  p.  244. 
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coal  dust ;  40  crucibles  were  placed  in  a  round  furnace,  represented 
in  Figs.  482,  483.  R  is  the  heating  chamber  which  receives  the 
crucibles  ;  the  fireplace  is  below  it.  The  products  of  combustion  pass 
from  the  fireplace  r  through  an  opening  o  in  the  middle  of  the  bed, 
into  the  heating  chamber,  thence  through  6  flues  z  into  a  chamber 
above  the  arch  of  the  furnace,  thence  into  the  chimney  v. 

The  heating  of  the  crucibles,  performed  with  wood  fuel,  lasted 
48  hours.     At  each  operation  7  cvv^.  of  crude  nickel  were  obtained. 


B.  Extraction  of  Nickel  from  Metallurgical  Products 

Nickel  or  its  alloys  can  be  extracted  in  the  dry  way  from  various 
metallurgical  residues,  particularly  from  certain  forms  of  speiss  obtained 
from  copper,  lead  and  silver  ores  which  contain  nickel  as  an  impurity, 
often  very  slight  in  quantity.  Further,  coarse  or  blister-copper 
frequently  contains  nickel,  which  collects  in  this  product  if  there  is 
but  little  arsenic  in  the  copper  ore ;  and  there  are  also  slags  and  iron 
sows  containing  nickel. 

The  speiss  is  worked  up  in  the  same  way  as  the  coarse  speiss 
obtained  in  the  extraction  of  nickel  fi-om  its  arsenical  ores.  If  it 
contains  large  quantities  of  lead,  copper  and  silver,  it  is  sought  to 
separate  lead  and  silver  as  an  alloy  (argentiferous  lead)  and  the 
copper  as  a  matte.  Lead  may  always  be  removed  from  the  speiss  by 
roasting  and  reduction,  and  takes  with  it  the  greater  part  of  any 
silver  that  may  be  present.  Thus  most  of  the  silver  is  disposed  of  in 
the  same  process.  The  copper  is  converted  into  sulphide  by  smelting 
with  heavy  spar,  or  with  pyrites  if  that  cannot  be  obtained.  There 
results  after  these  operations  a  speiss  richer  in  nickel  and  mostly 
free  fi'om  the  other  metals,  and  this  is  worked  up  by  the  processes 
mentioned  above.  .  , 

So,  for  example,  at  Freiberg,  a  speiss  containing  all  three  of  the 
above  metals  served  for  the  extraction  of  the  three,  and  was  smelted 
several  times  in  a  blast  furnace  with  the  addition  of  heavy  spar,  leiid 
residues  and  slag,  and  was  converted  into  argentiferous  lead,  co\)per 
matte,  and  a  speiss  containing  but  little  silver,  lead  or  copper. 
The  speiss  thus  enriched  in  cobalt  and  nickel  up  to  15  or  18  per  cent, 
was  smelted  in  a  reverberatory  furnace  without  any  previous 
roasting,  with  the  addition  of  50  to  60  per  cent,  of  heavy  spar  and 
20  to  25  per  cent,  of  quartz ;  the  products  were,  a  copper  matte 
containing  lead,  and  a  speiss  containing  40  to  44  per  cent,  of 
nickel,  8  per  cent,  of  copper,  and  free  from  iron. 
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Copper  containing  nickel  is  subjected  to  a  blast,  which  gives  a 
dross  containing  nickel,  and  copper  free  from  it.  The  dross  may  be 
smelted  in  a  blast  furnace  again  to  coarse  copper  containing  nickel,  or 
it  may  be  smelted  into  a  speiss  when  large  quantities  of  arsenic  and 
antimony  are  present.  This  coarse  copper  from  the  dross,  called 
dross  or  waste  copper,  gives  on  refining  or  subjecting  to  the  blast  a 
second  dross  richer  in  nickel  and  cobalt.  By  smelting  this  in  a 
furnace,  copper  still  richer  in  nickel  is  obtained.  So  by  the  repetition 
of  the  processes  the  final  result  is  a  nickel-copper  alloy,  which  is  sold 
to  the  nickel  works. 

Or  again,  the  dross  may  be  smelted  with  pyrites  to  a  matte  con- 
taining nickel,  or  with  heavy  spar  and  arsenical  pyrites  to  a  speiss 
and  a  copper  matte.  Again,  nickel  can  be  extracted  from  coarse 
copper  in  the  wet  way. 

The  metal  is  obtained  from  slags  containing  nickel  without  copper 
by  smelting  them  in  blast  furnaces  with  heavy  spar  or  pyrites, 
yielding  a  nickel -bearing  matte,  or  with  arsenical  pyrites,  giving  a 
nickel  speiss.  But  if  the  slag  holds  copper  in  quantities  worth 
recovering,  the  smelting  is  carried  on  with  arsenical  pyrites  and 
either  heavy  spar  or  iron  pyrites,  so  as  to  obtain  nickel  in  a  speiss, 
copper  for  the  most  part  in  a  matte.  This  does  not  effect  a 
satisfactory  separation.  It  is  therefore  necessary,  in  case  the 
separation  is  very  incomplete,  to  treat  again  the  speiss  containing 
copper  and  the  matte  containing  nickel  with  heavy  spar  and 
arsenical  pyrites. 

For  example,  in  Altenau  the  slags  from  the  refining  of  dross 
copper,  containing  both  copper  and  nickel,  were  smelted  in  blast 
furnaces  with  iron  pyrites  and  arsenical  pyrites  to  a  speiss  and  a 
matte  of  the  following  compositions : — 


Speiss. 

NiandCo 2677 

Cu 19-85 

Fe 15-82 

Pb 1214 

As 12-15 

Sb 10-01 

S      4-57 


Matte. 

6-10 
37-24 
20-84 
16-10 
trace 

0-47 
19-25 


The  speiss  was  roasted  in  heaps  three  times  over,  and  then  re- 
smelted  in  the  same  way,  with  5  per  cent,  arsenical  pyrites,  125  per 
cent,   heavy  spar,  50  per  cent,  slag  from  copper  refining,  and  50  per 
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cent,  slags  from  lead  matting,  into  a  second  speiss  and  matlc.    Or 
these  the  compositions  are  : — 


Speiss. 

Matte. 

3513      .    . 

4-37 

17-18      .    . 

.      37-45 

8-41      .    . 

12-68 

6-59      .    . 

22-81 

18-65      .    . 

trace 

10-82      .    . 

trace 

216      .    . 

24-48 

Ni 

Cu 

Fe 

Pb 

As 

Sb 10-82 

S 

Co 10-70 


The  speiss  was  disposed  of  to  cobalt  works. 

When  nickel  is  to  be  extracted  from  iron  sows,  they  may  be 
subjected  to  a  blast  in  small  refining  hearths,  and  the  iron  oxide 
resulting  slagged  with  quartz.  In  this  way  alloys  are  ultimately 
produced  containing  much  nickel  and  copper;  the  method  ^n-as 
formerly  in  use  at  Klefva  in  Sweden.  Or  by  using  the  blast  on  a 
small  hearth,  and  strewing  nickel,  coarse  matte  or  nickel  ore  on  the 
mass,  the  nickel  will  be  obtained  in  a  matte.  This  was  practist^d 
formerly  at  the  Ringeriges  Works  in  Norway. 

At  one  works  in  Saxony,^  iron  sows  are  treated,  which  contain 
molybdenum,  the  composition  being  80  per  cent,  of  Fe,  2*5  per  cent, 
of  Cu,  2  per  cent,  of  Ni,  1-5  per  cent,  of  Co,  6  per  cent,  of  Mo,  8  jkt 
cent,  of  S.  After  being  broken  small  they  are  rojisted  in  a  rever- 
beratory  furnace  and  then  subjected  to  oxidising  smelting  in  a  similar 
furnace  with  quartz  as  a  slagging  material ;  in  this  way  the  greater 
part  of  the  iron  is  slagged  off,  and  a  regulus  is  obtained,  rich  iu 
molybdenum,  nickel  and  cobalt.  This  latter  is  heated  to  redness  in 
a  reverberatory  with  saltpetre  and  soda,  so  as  to  form  alkalint^ 
molybdates.  These  are  removed  by  lixiviation,  and  the  resitluc 
consists  chiefly  of  a  mixture  of  oxides  of  nickel,  cobalt  and  copptT. 
This  is  smelted  into  a  speiss  with  arsenical  pyrites. 


II.  Extraction  of  Nickel  in  the  Wet  Way 

The  wet  way  is  especially  used  at  present  to  extract  pure  nickt-I 
or  nickel  oxide  from  speiss  and  matte  containing  copper  and  cobah. 
It  is  most  unusual  to  submit  ores  directly  to  such  a  process,  for  it  i5» 
usually  cheaper  to  concentrate  the  nickel  first  in  the  dry  way,  forming 

^  Btnj-  uml  HutUnm.  Zty,,  1878,  p.  213. 
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a  speiss  or  matte.  This  is  especially  true  of  ores  containing  sulphur 
and  arsenic.  A  great  variety  of  methods  have  recently  been  proposed 
for  extracting  nickel  in  the  wet  way  from  the  ores  in  which  it  occurs 
as  silicate  (gamierite),  though  very  few  of  these  seem  ever  to  have 
been  applied.  At  present  it  still  seems  more  profitable  with  these  ores 
t^  concentrate  the  amount  of  nickel,  even  although  not  very  high,  and 
to  form  a  matte  in  the  dry  way. 
We  distinguish  then  : — 

A.  Extraction  of  nickel  directly  from  the  ores. 

B.  Extraction  of  nickel  from  smelting  products. 

A.  Extraction  of  Nickel  Direct  from  the  Ores 

If  the  ores  contain  arsenic  or  sulphur  they  must  be  roasted 
before  being  treated  with  solvents.  (Sulphuretted  ores  may  be 
prepared  for  a  wet  method  by  smelting  with  potassium  carbonate  and 
sulphur,  as  at  the  Gap  Mine,  Pennsylvania.)  ^  Ores  such  as  gamierite, 
containing  nickel  silicate,  can  be  treated  direct  with  solvents. 
Hydrochloric  acid  is  generally  the  one  used,  occasionally  dilute 
sulphuric  acid.  The  latter,  however,  causes  the  formation  of  a 
precipitate  of  calcium  sulphate  afterwards,  during  the  treatment  of 
the  solution  with  carbonate  of  lime  and  milk  of  lime. 

Ferric  sulphate  has  been  suggested  by  Emm  ens  ^  (Gossan  process) 
as  the  solvent  for  the  sulphuretted  ores  of  Canada.  According  to  him 
the  nickel  in  Canadian  pyrrhotite  is  dissolved  out  by  this  reagent, 
even  from  the  unroasted  ore,  but  the  solution  of  nickel  from  the  roasted 
ore  seems  to  be  very  much  more  rapid.  Emmens  therefore  suggests 
the  roasting  of  the  ore  in  furnaces,  or  the  weathering  of  it,  and  subse- 
quently treating  it  with  ferric  sulphate  in  wooden  vats.  Nickel  is  to 
be  precipitated  from  the  liquor  as  hydrate.  The  process  has  not  yet 
been  put  into  practice. 

This  process  has  been  tried  experimentally  by  the  Canadian 
Copper  Company,  but  not  brought  into  definite  use.  In  the  most 
favourable  cases  only  one- third  of  the  amount  of  nickel  and  two- 
thirds  of  the  copper  of  the  ore  are  brought  into  solution  by  ferric 
sulphate.^ 

Macfarlane  proposed  to  convert  the  nickel  of  the  Canadian 
sulphuretted  ore  into  chloride  by  roasting  with  common  salt,  and  to 

»  Berg-  uiid  JliUtenm.  Ztg.,  1877,  p.  300. 

2  Mineral  InduMry,  1892,  p.  355. 

3  MijiercU  Indmh-y,  1894,  p.  463. 
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leach  the  product  with  water  to  dissolve  this  chloride.  Iron  was  to 
be  precipitated  from  the  liquor  by  a  small  quantity  of  caustic  soda, 
and  any  copper  present  by  sodium  sulphide.  Finally  the  nickel  was 
to  be  precipitated  as  hydrate  by  caustic  soda.  But  nothing  is  as  yet 
known  with  regard  to  the  extent  to  which  this  method  is  put  into 
practice. 

Ricketts^  brings  nickel  and  copper  into  solution  as  sulphates,  and 
then  precipitates  the  nickel  as  basic  sulphate  by  alkalies  and  alkaline 
sulphates.  The  basic  sulphate  is  converted  into  monoxide  by  strong 
heating.  Then  the  copper  remaining  in  solution  can  be  deposited 
electrolytically. 

Richardson  ^  converts  both  nickel  and  copper  into  chlorides,  and 
separates  the  two  salts  by  fractional  distillation  in  an  atmosphere  of 
hydrochloric  acid  gas. 

The  way  in  which  the  solution  is  generally  treated  is  as  fol- 
lows : — 

It  is  first  treated  with  sulphuretted  hydrogen  or  an  alkaline 
sulphide  to  precipitate  copper,  bismuth,  lead,  arsenic  and  any  metals 
precipitable  by  these  reagents.  Then  it  is  treated  with  chloride  of 
lime  to  convert  the  iron  into  peroxide,  which  is  precipitated  by 
calcium  carbonate.  With  the  iron  any  arsenic  present  is  got  rid  of 
as  iron  arseniate.  Next  comes  the  separation  of  cobalt  as  sesquioxide 
by  chloride  of  lime.  Finally  the  nickel  is  precipitated  as  nickelou^ 
hydrate  by  milk  of  lime  or  soda.  The  hydrate  is  converted  into 
oxide  by  heating  to  redness,  ground  up  fine,  and  treated  with  dilute 
acid  to  remove  excess  of  chalk  and  calcium  sulphate. 

If  copper  is  to  remain  with  nickel,  and  an  alloy  of  the  two 
finally  produced,  the  liquid  can  be  treated  at  once  with  calcium  car- 
bonate, after  previously  oxidising  the  iron,  and  thus  removing  arsenic 
and  iron.  This  is  as  long  as  the  metals  of  the  sulphuretted  hydrogen 
group,  other  than  arsenic,  are  absent. 

Occasionally  the  nature  of  the  ore  renders  modifications  of  these 
processes  necessary.  Further,  special  plans  have  very  recently  been 
elaborated  for  the  treatment  of  nickel  silicate,  garnie rite  in  particular, 
but  have  come  to  a  very  small  extent  into  practical  use,  and  there- 
fore can  only  be  mentioned  shortly. 

Grosse-Bohle^  proposes  to  precipitate  nickel  and  cobalt  from  their 
chloride  or  sulphate  solutions  by  zinc,  the  temperature  of  the  solu- 
tions being  near  their  boiling  point.     Copper  is  removed  by  irtm 

1  American  Patents  of  October  3,  1893,  and  February  6,  18M. 
^  American  Patent,  April  10,  1894. 
=*  German  Patent,  No.  97114. 
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before  this  precipitation,  which  is  said  to  be  unaffected  by  the  pre- 
sence of  iron  salts. 

Formerly  arsenical  ores  of  nickel  were  worked  by  the  wet  method 
in  Hungary  ^  and  in  Bohemia ;  it  is  now  no  longer  used  for  these 
ores.  The  ores  were  treated  with  hydrochloric  acid  after  preliminary 
roasting  (Louyet's  process),  and  the  solution  was  diluted  with  water, 
to  precipitate  the  bismuth  as  basic  chloride.  Then  chloride  of  lime 
was  added,  to  oxidise  ferrous  oxide  and  arsenious  oxide,  after  which 
milk  of  lime  precipitated  ferric  hydrate  and  arseniate.  Copper  was 
precipitated  by  sulphuretted  hydrogen  or  sulphide  of  barium,  then 
cobalt  as  sesquioxide  with  chloride  of  lime,  and  lastly  nickel  hydrate 
by  milk  of  lime. 

At  Joachimsthal  ^  in  Bohemia  the  silver  ores  containing  from  5  to 
10  per  cent,  of  nickel  and  cobalt  were  formerly  roasted  in  a  current 
of  steam.  Silver  was  then  separated  as  metal  and  nickel,  and  cobalt 
arseniates  were  formed.  The  roasted  product  was  first  treated  with 
dilute  sulphuric  acid,  and  then  with  hot  nitric  acid.  The  former 
dissolved  nickel  and  cobalt  arseniates,  the  latter  the  silver  and  the 
remaining  cobalt  and  nickel.  After  the  silver  had  been  precipitated 
by  common  salt  the  nitric  acid  solution  was  mixed  with  the  sulphuric 
acid  solution,  and  the  whole  treated  with  ferric  chloride  to  convert 
the  arsenic  into  ferric  arseniate.  Powdered  limestone  caused  the 
precipitation  of  ferric  arseniate,  and  from  the  solution  remaining 
cobalt  and  nickel  were  successively  thrown  down  by  chloride  of  lime 
and  milk  of  lime  respectively. 

Special  proposals  to  separate  nickel  from  silicates  (gamierite  and 
rewdanskite)  are  as  follows : — 

Herman*  heats  rewdanskite  with  sulphuric  acid  in  stoneware 
vessels  until  the  acid  begins  to  vaporise,  lixiviates  the  mass,  oxidises 
the  iron  with  salt  and  saltpetre,  precipitates  it  by  chalk,  and  pre- 
cipitates nickel  sulphide  by  sodium  sulphide.  This  is  completely 
roasted  and  the  monoxide  reduced. 

Laroche*  treats  garnierite  with  its  own  weight  of  sulphuric 
acid  56°  to  60°  B.,  washes  the  solid  product  with  warm  water,  and 
adds  ammonium  sulphate  in  quantity  equivalent  to  the  nickel 
sulphate  present,  and  thus  separates  crystals  of  nickel-ammonium 
sulphate  from  the  solution  by  evaporating  down  and  cooling.  These 
are  dissolved  in  boiling  water,  and  nickel  carbonate  precipitated  by 

*  Bery-  und  Hilttenm.  Ztg,,  1849,  p.  800. 
^  Kerl,  MetdllhiUtejikundej  p.  554. 

*  Berg-  und  HiUtenm.  Ztg,,  1876,  p.  308. 

*  Wagner,  Jahre^herichte,  1879,  p.  235. 
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solution  of  soda.  Instead  of  ammonium  sulphate,  an  equivalent 
quantity  of  alkaline  oxalate  may  be  added,  and  nickel  oxalate  thrown 
down  from  the  solution.  The  precipitate  is  treated  with  boiling 
soda  solution  at  about  110^  C,  when  nickel  carbonate  is  fomiecl 
together  with  the  alkaline  oxalate.  The  carbonate  is  reduced  to 
metal  and  the  oxalate  is  used  over  again. 

Rousseau  ^  dissolves  the  mineral  in  hydrochloric  acid,  oxidises 
the  iron  with  chloride  of  lime  and  precipitates  it  with  calcium 
carbonate.  Then  he  precipitates  nickel  with  milk  of  magnesia. 
The  solution  remaining,  consisting  of  magnesium  and  calcium 
chlorides,  is  evaporated  down  and  he  proposes  to  obtain  hydro- 
chloric acid  and  magnesia  from  the  solid  residue  by  heating  in  a 
current  of  steam. 

Kamienski  *  dissolves  the  ore  in  dilute  hydrochloric  acid,  oxidise? 
the  iron  by  a  current  of  chlorine,  precipitates  it  with  magnesium 
carbonate,  and  decants  off  the  warm  liquid,  and  precipitates  most  of 
the  nickel  as  carbonate,  with  soda.  Then  the  solution  is  again 
treated  with  soda  in  the  cold  to  precipitate  magnesia  and  the  rest 
of  the  nickel.  The  solution  containing  sodium  and  magnesium 
chlorides  is  evaporated  down  until  salt  crystallises  out  From  the 
remaining  liquid  magnesium  chloride  can  be  separated  by  evapt)ra- 
tion ;  the  latter  salt  will  yield  hydrochloric  acid  if  heated  to  LW*  in 
a  current  of  steam. 

Araud  *  mixes  the  ore  into  a  paste  with  hydrochloric  acid,  and 
heats  this  in  fireproof  retorts  until  the  chlorides  formed  volatilise. 
They  are  condensed  and  dissolved  in  water.  From  the  solution  in>n 
is  precipitated  by  calcium  carbonate,  and  then  nickel  by  milk  of  linie. 

Sebillot  *  has  suggested  two  methods.  One  is  to  mix  the  ore  with 
sulphuric  acid  and  ammonium  sulphate,  to  add  water  and  allow  nickel 
to  crystallise  out  of  the  solution  as  sulphate.  The  crystals  are  re- 
dissolved  and  nickel  precipitated  from  this  solution  in  the  usual  way. 
The  second  way  is  to  heat  the  ore  with  sulphuric  acid  in  a  rever- 
bcratory  furnace,  to  leach  the  solid  mass  remaining  with  water,  prtK*!- 
pitate  iron  by  calcium  carbonate  after  oxidising  with  chloride  of  lime, 
then  to  precipitate  magnesium  by  sodium  phosphate,  and  finally 
allow  nickel  sulphate  to  crj'stallise  out  of  the  lye. 

Dixon  ^  smelts  the  ore  to  a  speiss  and  treats  this  in  the  wet  way 
to  be  subsequently  described. 

Allen  treats  the  powdered  ore  with  sulphuric  acid  in  the  cold, 
adding  some  Chili  saltpetre  ;  then  heats  the  mass  to  redness,  lixiviate> 

*  Berg-  und  HiiUenm.  Ztf/.,  1878,  p.  280.  *  Ibid. 

••  Loc.  n't.,  p.  26(>  *  Lor.  cit.,  p.  260.  ■  Loc.  cit.,  1879,  p.  aAV 
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with  water,  precipitates  first  iron  rand  chromium  by  calcined  magnesia, 
then  nickel  as  sulphide  by  sulphuretted  hydrogen.  The  sulphide  is 
completely  roasted  and  reduced. 

Christofle  ^  has  suggested  several  methods  of  treating  gamierite 
in  the  wet  way.  These  all  appear  to  consist  chiefly  in  the  smelting 
of  the  ores  to  a  matte  and  treating  this  as  will  be  subsequently 
described. 

The  processes  for  direct  wet  treatment  of  the  ore  were  as 
follows  : — 

1.  The  powdered  ore  is  leached  first  with  dilute,  then  with  strong 
hydrochloric  acid.  Iron  is  precipitated  from  the  solution  in  strong 
acid  by  quicklime  or  chalk,  and  then  nickel  by  milk  of  lime. 

2.  The  powdered  ore  is  heated  with  concentrated  oxalic  acid 
sohition  which  leaves  nickel  undissolved.  The  residue  is  reduced  to 
obtain  nickel.  To  recover  the  oxalic  acid,  the  solution  is  treated 
with  milk  of  lime  and  calcium  oxalate  thrown  down,  from  which 
oxalit;  acid  is  separated  by  sulphuric  acid. 

3.  The  ore  is  treated  with  hot  concentrated  hydrochloric  acid, 
chloride  of  lime  added  to  the  solution,  containing  excess  of  acid,  to 
oxidise  the  iron;  nickel  oxalate  is  precipitated  by  oxalic  acid,  and 
the  precipitate  washed  and  heated. 

4.  The  ore  is  treated  with  hot  concentrated  hydrochloric  acid, 
choride  of  lime  is  added  to  the  acid  solution,  iron  and  aluminium  are 
precipitated  by  calcium  carbonate,  nickel  is  precipitated  as  sesqui- 
oxide  by  lime-water  and  chloride  of  lime. 

5.  The  ore  is  treated  with  concentrated  hydrochloric  acid,  iron  and 
aluminium  are  precipitated  by  the  method  of  (4),  magnesium  chloride 
is  added  (if  not  already  present  in  sufficient  quantity),  and  nickel 
is  precipitated  with  a  small  quantity  of  magnesia  by  quicklime.  The 
precipitate  is  washed,  dried,  mixed  with  carbon,  and  heated  to  a  very 
high  temperature,  when  the  sulphur  is  taken  up  by  the  magnesia. 
The  nickel  then  forms  in  grains  and  is  washed  out  of  the  ignited 
residue. 

Herrcnschmidt  2  has  brought  out  a  process  which  is  said  to 
be  in  use  at  the  works  of  the  Maletra  Chemical  Company  at  Petit 
Querilly,  near  Rouen,  France.  An  ore  from  New  Caledonia  is  em- 
ployed, with  18  per  cent,  of  manganese  dioxide,  3  per  cent,  of  cobalt 
monoxide,  1*25  per  cent,  of  nickel  monoxide,  30  per  cent,  of  ferric 

^  Btrg-  und  HiUienm,  Ztg.,  1878,  p.  259;  1879,  p.  138;  Wagner,  Jahnshtrichte, 
1878,  p.  233. 

-  Pelleton,  Qenit  Civif^  1891,  vol.  xviii.,  p.  373;  Eng.  and  Min.  Jour.,  1891, 
vol.  Hi.,  No.  14. 
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oxide,  6  per  cent  of  alumina,  2  per  cent,  of  limestone  and  magnesia, 
8  per  cent,  of  silica.     It  is  treated  with  a  concentrated  solution  of 
green  vitriol,  which  is  said  to  dissolve  manganese,  cobalt  and  nickel 
as  sulphates,  while  ferric  oxide  remains  in  the  residue.     The  liquid 
after  being  separated   from    the    residue  and   allowed  to  settle  is 
treated  with  sodium  sulphide  which  precipitates  cobalt,  nickel  and 
a  small  quantity  of  manganese,  as  sulphides.     The  last  can  be  re- 
moved from  the  precipitate   by  solution  of  ferric   chloride.     The 
solution  containing  manganese  is  converted  into  calcium  manganite 
by  treatment  with  milk  of  lime  in  excess  and  a  current  of  air.    This 
calcium  manganite  is  utilised  in  the  production  of  chlorine  for  making 
chloride  of  lime  ( Weldon  process).     The  precipitate  which  has  been 
freed  from  manganese,  and  contains  only  sulphides  of  nickel  and 
cobalt,  is  subjected  to  roasting  in  a  reverberatory  furnace  which  con- 
Verts  it  into  a  mixture  of  sulphates.     These  are  dissolved  in  hot 
water  and  then  converted  into  soluble  chlorides  by  calcium  chloride. 
For  the  separation  of  the  metals,  the  liquid  is  divided  into  two  parts. 
From  the  first  part,  they  are  precipitated  as  hydrates  of  protoxide.- 
by  milk  of  lime,  the  precipitate  is  filtered  off,  washed  into  wat^r,  and 
the  liquid  treated  with  a  current  of  chlorine  and  air  until  the  sesqui- 
oxides  are  formed  in  it.     The  other  half  of  the  solution  of  chlorides 
is  now  added  to  this  sesquioxide  precipitate,  and  steam  blown  through 
the  liquid  for  some  time.     Cobalt  sesquioxide  remains  undissolve^l. 
while  nickel  sesquioxide  passes   into  solution  as   chloride,  and  an 
equivalent  quantity  of  cobalt  sesquioxide  is  precipitated.     After  thf 
whole  of  the  cobalt  has  thus  been  separated,  or  else  the  whole  of  tht- 
nickel  has  gone  into  solution,  the  liquid  is  separated  from  the  residno, 
and  nickel  is  precipitated  from  it  in  the  usual  way  by  milk  of  lime. 

Nothing  is  known  yet  as  to  the  economic  results  of  this  process, 
which  seems  rather  complicated,  and  capable  of  being  conveniently 
put  into  practice  only  at  Leblanc  soda  manufactories,  which  als.' 
make  chloride  of  lime. 

By  the  process  patented  in  Germany,^  Herrenschmidt  precipitatt  > 
iron  and  copper  from  the  solution  containing  iron,  copper,  cobalt,  and 
nickel,  as  sulphates  or  chlorides,  thus  : — he  precipitates  the  iron  by 
copper  carbonate,  and  then,  after  separating  this  precipitate,  thv 
copper  by  nickel  hydrate  or  nickel  carbonate.  Lastly  cobalt  and 
nickel  are  obtained  from  the  solution  as  described  above,  after  thi> 
last  precipitate  has  been  removed. 

Storer  ^  proposes  to  digest  garnierite  in  a  finely  divided  condition 
with  ferric  chloride,  the  process  being  carried  out  in  a  closed  vess* 
1  Ger.  Pat.,  No.  68,559,  «  Ger.  Pat.,  No.  100,142. 
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at  a  temperature  of  187°  C.  After  5  to  6  hours'  heating  the  nickel 
is  said  to  go  into  solution  as  chloride,  and  the  iron  to  be  left  as 
oxide.  The  latter  may  be  used  as  a  pigment,  and  the  nickel  solution 
treated  for  metal. 


B.  Extraction  of  Nickel  from  Smelting  Products 

These  processes  are  divided  into  three  groups — those  for  matte, 
those  for  speiss,  and  those  for  slags. 

1.  extraction  of  nickel  from  matte 

Matte,  whether  unroasted  or  dead  roasted,  will  dissolve  in  acids. 
If  unroasted  matte  is  treated  with  acid,  copper  sulphide  remains 
behind,  and  iron,  nickel  and  cobalt  dissolved  for  the  most  part.  It 
is  not  possible  to  remove  the  whole  of  the  cobalt  and  nickel  from  the 
residue,  so  that  the  latter  has  still  to  be  specially  treated  for  these  two 
jnetals. 

The  treatment  of  unroasted  matte  with  acid  is  therefore!  not  to 
be  recommended  ;  it  is  undertaken  only  exceptionally.  The  usual 
method  is  to  roast  the  matte  dead  before  treating  it  with  acids. 

As  ignited  ferric  oxide  dissolves  very  slightly  in  dilute  acid,  it  is 
well  to  raise  the  temperature  as  high  as  possible  at  the  end  of  the 
roasting,  so  that  as  much  iron  as  possible  may  remain  in  the  residue. 
Hydrochloric  or  sulphuric  acid  is  used  as  a  solvent,  the  former 
preferably.  If  the  roasting  has  been  successful,  practically  no  iron 
dissolves  in  either  acid.  Any  arsenic  present  remains  in  the  residue, 
as  ferric  or  copper  arseniate. 

The  usual  method  of  treating  the  solution,  subject  to  many  varia- 
tions, is  the  following : — It  is  treated  with  sulphuretted  hydrogen  or 
an  alkaline  sulphide  to  separate  copper,  lead,  &c.  Then  iron  is 
oxidised  by  chlorine  or  chloride  of  lime,  and  precipitated  by  calcium 
carbonate.  This  precipitation  must  take  place  in  the  cold,  as  above 
40**  C.  an  appreciable  quantity  of  cobalt  separates  out.  If  copper 
has  not  been  thrown  down  as  sulphide,  part  of  it  now  separates  as 
carbonate.     If  arsenic  acid  is  present  it  comes  down  with  the  iron. 

Cobalt  is  next  separated  as  sesquioxide  by  chloride  of  lime. 
Excess  of  chloride  of  lime  throws  down  nickel  as  well.  Potassium 
nitrite  ^  throws  down  cobalt  from  a  solution  neutralised  by  potash 
and  acidified  again  by  acetic  acid,  as  cobalt-potassium  nitrite,  and 
leaves  nickel  in  solution ;  but  it  cannot  be  used  to  separate  cobalt 

»  Pogg.  Ann,,  74,  115 ;  110,  411  ;  and  Ann.  Chem,  Pharm.,  96,  218. 
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when  lime  or  other  alkaline  earths  are  present,  for  then  nickel 
is  precipitated  with  the  cobalt  as  nickel-potassium-calcium  nitrite 
K2CaNi(N0,V 

If  great  quantities  of  cobalt  are  in  solution,  and  extreme  purity  of 
metal  is  not  essential,  ammonium  sulphate  can  be  used  to  separate 
cobalt  and  nickel.  This  produces  a  difficultly  soluble  double  salt  with 
nickel  sulphate,  and  an  easily  soluble  one  with  cobalt  sulphate.  When 
the  solution  is  sufficiently  concentrated  by  evaporation,  the  nickel 
double  salt  separates  out  and  leaves  the  cobalt  in  solution.  The 
former  is  converted  into  nickel  monoxide  by  heating,  ignited  with 
soda  and  saltpetre,  and  lixiviated.  In  the  heating  of  the  double  salt 
ammonium  sulphate  can  be  recovered.  Cobalt  is  precipitated  from 
the  remaining  solution  of  cobalt-ammonium  sulphate  by  ammonium 
sulphide.  Cobalt  sulphide  is  roasted,  heated  with  saltpetre  and  soda 
and  sent  into  market  as  sesquioxide. 

From  the  solution,  from  which  cobalt  has  been  thrown  down  a? 
sesquioxide  by  chloride  of  lime,  nickel  is  precipitated  as  hydrate  <^r 
as  carbonate  by  milk  of  lime  or  by  soda.  The  precipitate  is  filtered 
from  the  liquid  in  conical  linen  bags,  and,  if  calcium  sulphatt'  i> 
present,  heated  with  soda,  so  that  calcium  carbonate  and  sodium 
sulphate  are  formed.  The  latter  is  washed  out  of  the  product  by 
water,  and  the  calcium  carbonate  removed  by  dilute  hydn>chl)ri.^ 
acid.  The  decomposition  of  calcium  sulphate  by  soda  can  also  b» 
conducted  in  the  following  way :  the  precipitate  is  heated  with  s<^i 
solution,  the  soda  being  present  in  excess,  and  then  the  residue  "t 
calcium  carbonate  is  washed  out  with  water  acidified  with  hydr  - 
chloric  acid.  If  hydrochloric  acid  has  been  used  as  solvent  for  th' 
nickel,  lime  can  be  leached  out  from  the  calcined  nickel  nionoxi*lt 
with  the  same  acid. 

The  nickel  monoxide  obtained  in  this  way  is  reduced  to  nickel  by  ^ 
the  usual  method.  I 

De  Coppet^  proposes  the  treatment  of  roasted  iron-free  nwt:H 
with  a  certain  amount  of  sulphuric  acid  in  order  to  obtain  the  e»>]>}fr 
as  sulphate,  mixed  with  a  little  nickel  and  cobalt  s.alts.     The  rt^ulw 
consisting  of  the  oxides  of  nickel,  cobalt  and  copper  is  re<luctN|  t« 
these  metals  by  heating  with  carbon,  and  then  treated  with  pjut « 
the  copper  sulphate  solution.      The  cobalt  goes   into  solution  afl 
an  equivalent  amount  of  copper  is  precipitated.     After  sepanitin 
this  cobalt  solution,  the  residue  of  nickel   and   copper   is   treated 
with   the  remaining  copper  sulphate  solution.     This  dissolve;^  til 
nickel  and  an  equivalent  of  copper  is  thrown  out  of  solution.     In 

»  (ier.  Pat.,  No.  (54,916. 
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way  cement  copper  and  nickel  sulphate  solutions  arc  obtained,  and  the 
latter  may  be  worked  for  nickel.  Nothing  is  known  of  the  applica- 
tion of  this  process. 

A  direct  treatment  of  matte  with  acid  was  formerly  in  use  at  the 
Scopello  Works  in  Piedmont.^  The  nickel  matte,  containing  24  per 
cent,  of  Ni,  6  per  cent,  of  Co,  12  per  cent,  of  Cu,  23  per  cent,  of  Fe, 
and  35  per  cent,  of  S,  was  treated  with  hydrochloric  acid  (33  per 
cent,  of  HCl)  in  stoneware  vessels  surrounded  with  water  in  wooden 
barrels.  Sulphuretted  hydrogen  was  emitted  from  a  tube  in  the 
cover  of  the  vessel  and  was  burned.  After  the  matte  had  been  three 
times  treated  with  acid  the  liquid  was  syphoned  oflF  from  the  residue, 
which  consisted  of  the  copper  sulphide  of  the  matte  and  an  appre- 
ciable quantity  of  nickel  and  cobalt  sulphides.  This  was  charged 
into  the  blast  furnace  during  the  smelting  of  matte  or  ore.  The 
solution,  containing  chlorides  of  iron,  nickel  and  cobalt,  was  first 
allowed  to  settle,  and  then  evaporated  to  dryness  in  a  cast-iron  pot 
heated  from  above.  The  residue  after  this  evaporation,  a  pulverulent 
mixture  of  the  three  lower  chlorides,  was  heated  in  a  reverberatory 
furnace  for  3  or  4  hours,  with  continual  stirring,  during  which  process 
part  of  the  iron  volatilised  as  chloride,  part  remained  as  ferric  oxide. 
After  this  treatment  the  mass  was  put  into  a  vat  with  water,  and 
then  the  remaining  iron  was  oxidised  by  chloride  of  lime  and  preci- 
pitated by  powdered  marble.  When  the  solution  was  clear,  cobalt 
was  thrown  down  by  chloride  of  lime,  nickel  by  milk  of  lime.  The  pre- 
cipitates so  obtained,  cobalt  sesquioxide  and  nickelous  hydrate,  were 
washed  in  woollen  sacks  until  ammonium  oxalate  caused  no  cloudi- 
ness in  the  wash  water.  Then  the  two  oxides  were  heated  for  12 
hours,  and  afterwards  washed  with  acidified  water. 

The  treatment  of  roasted  matte  with  acids  used  to  be  carried  on 
at  the  Isabella  Works  at  Dillenburg,  at  the  Victoria  Works  in  Silesia, 
at  Schneeberg  in  Saxony,  and  at  the  Christofle  Works  at  St.  Denis. 

At  the  Isabella  Works  nickel  was  produced  in  the  wet  way  between 
1848  and  1857;  from  1857  to  1860  both  nickel  and  the  copper- 
nickel  alloy.     The  methods  for  each  are  briefly  described  below\2 

(a)  In  the  earlier  process  the  red-hot  concentrated  matte  was 
quenched  in  water  to  render  it  brittle,  then  pulverised,  and  sieved. 
The  pow^der,  in  quantities  of  3  cwt.,  w;is  subjected  to  roasting  in  a 
reverberatory  furnace  in  order  to  remove  sulphur  and  oxidise  iron. 

The  roasted  product  was  mixed  to  a  thick  paste  with  sulphuric 
acid  (60°  B.)  in  vats,  and  then  gently  heated  for  two  hours  in  a  rever- 

>  Berg-  und  HilUenm.  Zlg.,  1878,  p.  229. 
»  Schnabel,  Preuss.  Zeit«ch.,  1865,  p.  109. 
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beratory  furnace,  during  which  time  any  ferrous  sulphate  was  con- 
verted into  ferric,  and  any  excess  of  acid  was  driven  off.  The  dn* 
mass  was  treated  with  water  to  dissolve  the  sulphates,  the  solution 
then  containing  iron,  copper  and  nickel  sulphates.  The  first  step  was 
to  precipitate  iron  and  copper  by  calcium  carbonate.  For  this  pur- 
pose the  liquid  was  raised  to  the  boiling  point  in  a  copper  boiler,  and 
finely  powdered  calcium  carbonate  added  by  ladles  full,  by  which  iron 
and  copper  were  thrown  down  as  basic  carbonates,  and  calcium  sul- 
phate with  them.  As  iron  comes  down  before  copper,  the  precipitant 
was  added  only  as  long  as  iron  was  present  in  the  solution,  and  then 
this  precipitate,  containing  both  iron  and  copper,  was  removed.  A 
little  nickel  was  always  thrown  down  with  copper,  but  in  this  way 
the  presence  of  nickel  in  the  first  precipitate  was  avoided.  It  con- 
sisted only  of  iron  and  copper  basic  carbonates  with  calcium  sulphate, 
and  could  be  worked  up  into  copper  matte  or  copper.  The  filtrate 
from  this  precipitate  was  boiled  up  with  a  fresh  quantity  of  calcium 
carbonate,  and  thus  copper  thrown  down  with  a  small  amount  of 
nickel.  This  precipitate  was  added  in  the  concentration  of  nickel 
matte.  The  filtrate  was  treated  with  milk  of  lime  to  precipitate 
nickel  hydrate.  To  remove  calcium  sulphate  from  this  precipitate 
it  was  dried  and  heated  ^vith  soda  in  fire-clay  crucibles,  whereby 
calcium  carbonate  and  sodium  sulphate  were  formed.  The  latter  was 
washed  out  by  water,  the  former  by  hydrochloric  acid.  The  nickel 
monoxide  was  reduced  in  the  usual  way,  and  formed  cubes  with  the 
composition  : — 

Ni 98-29  per  cent. 

Cu 0-24 

Fe 0-81 

(b)  According  to  the  later  method  a  coarse  matte  of  average 
composition : — 

Ni 13  per  cent. 

Cu 19 

Fe 35 

S  33 

was  converted  into  a  concentrated  matte  of  average  composition  :— 

Ni .  24  per  cent. 

Cu 39 

Fe 12         „ 

S  25         „ 
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This  latter  by  oxidation  under  a  blast  on  a  hearth  produced  a 
matte  composed  of: — 

Ni 35  per  cent. 

Cu 43 

Fe 2         „ 

S  20         „ 

This  last  matte  was  dead  roasted,  and  treated  first  with  hydro- 
chloric, then  with  sulphuric  acid.  The  former  dissolved  the  greater 
part  of  the  copper  and  nickel,  but  not  any  iron  present  as  ferric 
oxide  ;  the  proportion  of  the  metals  dissolved  was  7  parts  copper  to 
1  nickel.  Both  were  precipitated  from  the  solution  by  milk  of  lime. 
The  precipitate  was  compressed,  dried,  and  reduced  to  copper-nickel 
alloy,  after  the  removal  of  the  calcium  sulphate. 

The  residue  after  treatment  with  hydrochloric  acid  (about  40  per 
cent,  of  the  roasted  matte)  was  twice  treated  with  sulphuric  acid  in 
the  way  described  above,  whereby  the  greater  part  of  the  remaining 
copper  and  nickel  and  a  portion  of  the  iron  passed  into  solution. 
The  i-esidue  finally  remaining  was  re-roasted.  Iron  was  precipitated 
from  the  solution  by  calcium  carbonate  at  a  temperature  of  55°  C, 
and  then  copper  as  basic  carbonate  at  70''C.  by  the  same  agent. 
A  little  nickel  accompanied  this  copper,  increasing  in  amount  with 
the  amount  of  copper.  In  order  to  make  this  quantity  of  nickel  as 
.small  as  possible,  it  was  sought  always  to  dissolve  as  much  copper  as 
possible  in  the  first  treatment  with  hydrochloric  acid. 

The  precipitate  of  basic  carbonates  of  copper,  nickel  and  iron  was 
dissolved  in  hydrochloric  acid.  Copper  and  nickel  were  precipitated 
from  this  by  milk  of  lime.  This  precipitate  was  first  purified  and 
then  reduced  to  copper-nickel  alloy.  From  the  sulphuric  acid 
.solution  still  remaining,  containing  nickel  sulphate  with  a  little 
copper  sulphate,  the  same  agent — milk  of  lime — precipitated  nickel 
hydrate,  which  was  filtered  off,  compressed,  and  then  dried. 

The  removal  of  calcium  sulphate  from  these  oxides  (the  copper 
oxide  containing  8  per  cent.,  the  nickel  monoxide  15  per  cent.) 
wixs  achieved  by  washing  them  with  dilute  hydrochloric  acid 
after  very  strong  heating.  This  acid  removed  the  calcium  sulphate, 
but  no  nickel  monoxide,  and  very  little  copper  oxide  if  the  heating 
has  been  carried  to  the  necessary  temperature.  After  the  acid  had 
been  used  for  washing,  any  portion  of  either  metal  present  was 
removed  from  it  by  precipitation  with  milk  of  lime.  This  precipitate 
served  to  neutralise  acid  solutions  which  were  about  to  be  treated 
with  calcium  carbonate. 
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The  oxides  were  reduced  to  metal  in  the  usual  way.  The  reduc- 
tion of  the  nickel  monoxide  required  3  hours  in  time  and  a  strong 
white  heat,  while  that  of  the  copper  oxide  containing  a  little  nickel 
was  accomplished  at  a  lo>ver  heat  in  an  hour  and  a  half. 

Metallic  nickel  wjis  sent  into  the  market  in  cubes :  the  cubes  of 
the  copper  alloys  were  melted  on  refining  hearths,  taken  off  in  discs, 
and  sold  in  that  form  to  the  makers  of  German  silver.  At  a  later 
period  the  mixed  copper  and  nickel  oxides  were  reduced  on  a 
refining  hearth  with  two  tuyeres,  and  a  copper-nickel  alloy  with 
73  per  cent,  of  nickel  obtained. 

The   metallic   nickel   obtained   in   this   way    had   the  following 

composition  : — 

I.  II. 

Ni 96-29         9617 

Cu 0-41  217 

Fe 0-98  0-45 

The  refined  copper  obtained  from  the  residues  containing  copjK^r 
(from  the  solution  of  the  precipitates  in  hydrochloric  acid)  had  the 
following  composition  : — 

NL  Fe.  Cu. 

The  middle  disc  of  the  hearth    ....    0-09  0*99  98*82 

The  lower  disc  of  the  hearth 0*44  0*80  99-06 

Genth  made  the  observation  that  the  small  black  crystals  that 
form  on  the  upper  discs  in  the  hearth  during  the  refining  consist  of 
nickel  monoxide. 

At  the  Victoria  Works  in  Silesia^  the  concentrated  nickel  matio 
was  dead  roasted,  then  part  of  the  copper  oxide  leached  out 
with  warm  dilute  sulphuric  acid,  and  then  the  residue,  washed,  dried, 
ground  fine  and  roasted,  was  reduced  to  a  copper-nickel  alloy  con- 
taining 80  per  cent,  of  nickel.  Any  nickel  in  the  sulphuric  acid 
solution  was  thrown  down  by  copper  oxide,  and  the  solution  wtu? 
used  to  produce  blue  vitriol. 

At  Schneeberg,  in  Saxony,  hydrochloric  acid  was  used,  instead  of 
sulphuric,  to  dissolve  copper  oxide  and  sulphate  out  of  the  roastiil 
matte.  The  method  of  working  up  the  residue  was  the  same  svs  ai 
the  Victoria  works. 

At  the  Christofle  Works  at  St.  Denis,*  the  matte  obtained  bv 
smelting  gamierite  with  gypsum  was  ground,  roasted  repeatetllv 
in  long  bedded  calciners  about  33  ft.  long,  and  then  treated  with 

»  Berg-  uvd  Hiittenm.  Ztg.,  1877,  p.  300 ;  1878,  p.  245. 
*■*  Knab,  MetaUurgiey  p.  560. 
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hydrochloric  acid  in  stoneware  vessels  holding  about  19  gallons  stand- 
ing in  a  water-bath.  The  action  was  increased  by  heating  this  water 
by  steam.  The  solution  was  poured  into  wooden  vessels,  in  which 
iron  was  first  oxidised,  then  precipitated  by  calcium  carbonate.  Air 
was  blown  through  to  help  the  action,  and  served  also  to  agitate 
the  whole  mass.  It  was  transferred  to  larger  wooden  vessels  in  which 
the  precipitate  settled,  and  then  the  clear  liquid  was  drawn  off  into 
other  vessels  in  which  nickel  was  precipitated  by  milk  of  lime. 
The  hydrate  was  dried,  washed,  dried  again,  and  then  reduced  to 
metal. 

2.   EXTRACTION   OF   NICKEL   FROM   SPEISS 

The  speiss  is  roasted  dead,  and  then  treated  in  the  same  way  as 
dead  roasted  matte.  In  this  roasting  carbonaceous  matter  is  mixed 
with  the  material  to  ensure  the  removal  of  arsenic. 

At  the  George  Works  at  Dobschau,  in  Hungary,^  speiss  of  the 
composition : — 

Ni       37  per  cent. 

Co 13        „ 

Cu 2        „ 

Fe 9 

As      38 

s    .  ;  .  .  .    1    „ 

wjis  stamped,  and  then  roasted  in  wood  fired  reverberatory  furnaces  in 
quantities  of  6  cwt.  The  time  of  roasting  was  12  to  14  hours.  At 
the  end  of  this  time  65  to  90  lbs.  of  sawdust  or  coal  dust  were  added 
to  the  roasted  product,  which  reduced  the  ai-senic  acid  formed  to 
arsenious  acid  and  ai-senic.  The  hitter  burns  again  to  trioxide.  The 
rofisted  protluct  was  then  treated  with  sulphuric  acid.  From  the 
liquid  thus  obtained,  iron  and  part  of  the  copper  were  precipitated 
by  boiling  with  calcium  carbonate.  Cobalt  sesquioxide  Wcas  then 
thrown  down  by  chloride  of  lime,  and  nickel  hydrate  by  milk  of  lime. 
These  oxides  are  dried,  washed  with  cicidified  water,  ground  and  sold 
to  the  smelting  works  in  Saxony. 

At  Saint  Benoit,  near  Liege,-  speiss  containing  45  per  cent,  of 
nickel  was  treated  with  concentrated  hydrochloric  acid  at  80°  C. 
Iron  was  precipitated  from  the  solution  in  the  usual  way,  and  then 
copper  by  calcium  sulphide.  Next  cobalt  was  precipitated  by  chloride 
of  lime,  and  lastly  nickel  by  milk  of  lime. 

»  Benj'  und  HiUtenm.  Ztg.,  1878,  p.  229.  «  Loc.  rU. 
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Dixon ,^  whose  process  has  not  yet  come  into  general  use,  smelus 
gamierite  with  the  addition  of  arsenical  materials  into  a  speiss,  which 
is  then  dead  roasted,  and  treated  with  hydrochloric  acid.  Into  this 
solution  chlorine  is  led  to  oxidise  the  iron,  and  the  latter  precipitated 
by  the  careful  addition  of  nickel  monoxide.  Then  cobalt  is  obtained 
as  sesquioxide  by  leading  more  chlorine  through  the  liquid,  and 
adding  more  nickel  monoxide.  The  solution  containing  the  nickel 
combined  with  chlorine  is  evaporated.  The  solid  mass  obtained  is 
converted  into  nickel  monoxide  by  strongly  heating  in  a  current  of 
steam,  or  into  metallic  nickel  by  heating  in  a  current  of  hydrogen. 
A  little  nickel  is  precipitated  with  the  cobalt  sesquioxide,  and  is  to  be 
removed  by  leaching  it  with  dilute  hydrochloric  acid. 

At  the  works  in  Birmingham,  England,*  the  completely  roasted 
speiss  is  treated  with  hydrochloric  acid.  Iron  is  first  oxidised,  then 
precipitated  as  arseniate  by  neutralising  the  solution  and  warming 
it;  the  methods  of  this  oxidation  and  this  neutralisation  are  not 
mentioned.  Copper  is  then  thrown  down  by  sulphuretted  hydrogen. 
Finally  the  usual  precipitants  are  used  for  cobalt  and  nickel. 

3.   EXTRACTION   OF  NICKEL  FROM  SLAGS 

In  the  dry  method,  slags  containing  nickel  are  added  to  tho 
charge  in  the  smelting  of  ores  and  matter. 

If  such  slags  are ,  obtained  as  by-products  in  the  smelting  of 
copper  they  can  be  directly  treated  in  the  wet  way,  or  can  also  be 
smelted  into  a  copper-nickel  alloy,  which  can  be  subjected  to  wtt 
treatment.  The  treatment  of  the  slags  can  be  carried  on  in  the  sanit- 
way  as  has  been  described  for  silicate  of  nickel  and  magnesia. 

In  Mansfeld  ^  the  slags  containing  nickel  from  the  refining  of 
copper  were  smelted  in  a  blast  furnace  into  black  copper.  This  was 
granulated,  refined,  and  then  treated  with  dilute  sulphuric  acid  in 
the  presence  of  air.  The  solution  was  fractionally  crystallised; 
copper  sulphate  separated  first,  and  after  it  had  been  removed  the 
liquor  was  evaporated  to  a  certain  point,  when  a  mixture  of  the 
sulphates  of  iron  and  copper  crystallised  out.  Further  concentration 
and  crystallisation  yielded  a  mixture  of  copper  and  nickel  sulphat^'^^ 
(According  to  von  Hauer,  if  there  is  excess  of  copper  sulphate  in  tht 
solution,  this  salt  will  first  crystallise  out  pure,  and  afterwards  a  copptT- 

1  Bery-  und  IliUtenm.  Ztfj.,  1879,  p.  395. 
-  Phillips,  Elements  of  Metailurgy,  p.  415. 

8  Berg,  nnd  Huttenm.  Ztg.,  1859,  p.  371 ;  1860,  p.  501 ;  1861,  p.  67  ;  1862,  p.  W^\ 
1846,  p.  58;  1865,  pp.  146,  386. 
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nickel-cobalt  sulphate  of  the  formula  CuSO^+(Co..Ni)S04  +  21H20. 
If  there  is  excess  of  either  nickel  or  cobalt  sulphate  or  of  both,  this 
compound  will  crystallise  out  first,  and  the  excess  of  these  two 
sulphates  will  remain  in  the  mother  liquor.) 

The  copper-nickel  sulphate,  if  free  from  iron,  was  heated  in  a 
roasting  furnace  to  remove  sulphuric  acid.  The  residue,  consisting 
of  oxides,  was  leached  with  water  and  dried,  and  then  reduced  in 
a  Sefstrom  furnace  to  an  alloy  with  40 — 68  per  cent,  of  Cu, 
30 — 59  per  cent,  of  Ni,  11  to  1*8  per  cent,  of  Co,  0*5  to  1*3  per  cent, 
of  Fe,  and  007  to  0*34  per  cent,  of  S.  This  was  melted  on  a  refining 
hearth  of  graphite,  with  two  tuyeres,  and  taken  oflF  in  discs. 

Herter  ^  has  proposed  to  heat  a  complex  sulphate,  such  as  the 
above,  but  containing  iron,  in  a  reverberatory  furnace,  and  to  treat  the 
mixture  of  oxides  so  obtained  with  dilute  sulphuric  acid,  which  will 
dissolve  nickel  and  copper,  but  not  iron.  From  the  solution  copper 
and  nickel  are  to  be  precipitated  by  soda,  the  resulting  basic  car- 
bonates heated  to  form  oxides,  and  the  latter  reduced. 

III.  Extraction  of  Nickel  by  Electrolysis 

There  has  been  no  lack  of  suggestions  for,  and  of  experiments, 
on  a  large  and  small  scale,  upon  the  electrolytic  production  of  nickel. 
The  direct  production  of  nickel  from  ores  has  not  succeeded,  in  fact 
there  is  little  likelihood  of  its  doing  so,  since  nickel  ores  are  too 
impure  and  contain  too  little  of  the  metal  to  be  used  as  anodes,  or 
to  be  dissolved  in  any  other  way  within  the  circuit.  The  prepara- 
tion of  nickel  solutions  from  ores  outside  of  the  circuit  is  difficult  in 
the  case  of  silicates,  and  expensive  in  the  case  of  sulphur  and 
arsenic  compounds  of  nickel,  owing  to  the  impurities  and  the  low 
nickel  content ;  and  in  addition  the  sulphide  ores  always  contain  a 
portion  of  their  nickel  in  the  form  of  silicates  hard  to  dissolve. 

The  electrometallurgical  method  can  only  be  employed  for  the 
treatment  of  mattes  and  alloys  ;  so  far  its  use  has  been  restricted  to 
nickel-copper  mattes  and  nickel-copper  alloys,  and  its  application  has 
been  greatest  in  the  separation  of  nickel  and  copper,  owing  to  the 
diflBculty  of  accomplishing  this  in  the  dry  way.  It  is  most  profitably 
employed  to  obtain  nickel  from  its  alloys  with  copper,  since  the 
conversion  of  nickel-copper  mattes  into  alloys  is  not  a  costly  process, 
and  furthermore  iron  is  eliminated  in  the  preparation  of  the  matte 
itself.  Only  meagre  information  has  been  so  far  published  concern- 
ing the  processes  adopted. 

*  Berygeuit,  1866,  No.  20. 
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High  potentials  are  necessary  to  deposit  nickel  from  solution,  and 
these  cause  most  other  metals  to  be  precipitated.  The  decomposition 
tension  of  nickel  sulphate  is  2*09  volts,  of  the  chloride  1*85  volts  (Le 
Blanc).  It  is  therefore  very  difficult  to  obtiain  a  thick  deposit  of 
nickel.  To  accomplish  this  the  electrolyte  must  be  hot  The 
strength  of  current  for  thick  deposits  of  nickel  is  shown  by  the 
results  of  experiment  to  be  between  3*5  and  8*5  amperes  per  square 
foot,  with  a  potential  of  3  to  6  volts,  according  to  the  nature  of  the 
liquid.  According  to  Borchers,^  in  using  the  salts  of  cresol-sulphonic 
acid  and  insoluble  anodes,  5'5  amperes  per  square  foot  and  2  to 
2J  volts  are  necessary.  According  to  Bni.nd,^  to  deposit  nickel 
from  a  solution  of  the  sulphate  saturated  with  ammonia,  with  a 
carbon  anode,  a  potential  of  2*4  volts,  and  a  current  of  28  amperes 
per  square  foot  is  necessary.  The  same  potential. is  necessarj^  if 
an  iron  anode  is  used  instead.  A  current  of  1  ampere  separates 
16*83  grains  of  nickel  in  an  hour.  To  separate  1  kg.  nickel  in  an 
hour,  9149  amperes  would  be  neccssar3\  The  energy  necessan* 
for  this  is 

24  X  914-9  Watts  =  ^^^^^^^.  =  %^//  =  299  h.p„  or  taking  int<i 
7o  X  y'ol  7o5 

account  a  12  per  cent,  loss  in  the  conversion  of  mechanical  energ}* 
into  electricity,  and  a  25  per  cent,  loss  in  the  current  (through  con- 
version into  heat,  bad  connections,  &c.), 

At  the  rate  of  2  kg.  of  coal  for  1  h.p.  per  hour,  9  kg.  coal  will  bo 
necessary  to  deposit  1  kg.  nickel  from  the  solution  described. 

The  loss  of  energy  in  the  latest  engines  is  considerably  less  than 
the  above.  The  consumption  of  coal  for  one  horse-power  can  bo 
reduced  in  the  newest  steam  engines  to  between  1  and  1*5  kg. 

If  nickel  is  to  be  separated  from  its  mattes  or  alloys  with  copper, 
it  is  the  copper  which  is  deposited  from  an  acidified  electrolyte  ou 
the  cathode,  while  the  nickel  passes  into  solution,  becjiuse  copper  is 
deposited  by  a  weaker  current  than  nickel.  After  purifying  the 
solution  from  other  metals,  especially  iron,  which  may  be  precipitated 
by  various  reagents,  nickel  is  deposited  from  the  solution  by  the  us^^ 
of  insoluble  anodes. 

In  the  year  1843  Dr.  Bottger^  recommended  the  double  suiphato 

1  EhkirometaJiurgiey  p.  103. 

'^  Dammer,  Chem.  Technoloyie,  vol.  ii.  p.  27. 

=^  Jouni.fur  PixLcl.  Chem,.,  vol.  xxx.,  p.  267. 
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of  nickel  and  ammonium  as  electrolyte,  and  investigated,  in  a  series 
of  researches,  the  conditions  under  which  nickel  is  deposited  ivs 
a  lustrous  white  metal.  By  the  use  of  such  electrolytes  metal  can 
be  covered  with  a  firmly  adherent  coat  of  nickel,  but  it  is  not 
possible  to  obtain  it  in  a  thicker  deposit  without  the  nickel  becoming 
brittle. 

BischoflF  and  Tiemann  ^  obtained  pure  nickel  electrolytically,  for 
Winkler's  determination  of  the  atomic  weight  of  the  metal,  as 
follows : — A  solution  of  nickel  sulphate  was  prepared  containing 
32'84  grams  of  nickel  per  litre.  The  electrolyte  consisted  of  200  cc. 
of  this  solution,  30  grams  of  ammonium  sulphate,  50  grams  of 
ammonia  (of  specific  gravity  0905)  and  250  cc.  of  water.  The 
cathode  was  a  polished  nickel  plate  97  cm.  long  and  7*9  cm.  wide, 
the  anode  a  piece  of  platinum  foil  of  the  same  dimensions.  The 
E.M.F.  was  2*8  volts,  and  the  current  strength  0*8  ampere.  As  soon 
as  the  nickel  deposit  had  attained  a  certain  thickness,  it  became 
detached  iu  thin  curly  flakes  from  the  cathode,  and  formed  a  white 
shining  mass  with  a  yellowish  tint.  The  metal  was  pure,  since 
repeated  heating  in  an  atmosphere  of  hydrogen  failed  to  produce  any 
loss  of  weight. 

Fcirsters^  experiments  show  that  it  is  possible  to  obtain  a 
compact  nickel  deposit  of  any  desired  thickness  by  the  use  of  crude 
nickel  anodes,  provided  the  electrolyte  be  wanned  to  50-90°  C. 
(Classen  ^  had  previously  recommended  the  use  of  a  hot  solution  of 
nickel  sulphate,  neutralised  with  ammonia  or  potash  and  containing 
ammonium  oxalate,  in  the  electrolytic  determination  of  nickel). 
Fiirster  confirmed  Bottger  s  observations  that  the  electrolysis  is  best 
performed  with  solutions  of  the  sulphate.  The  electrolyte  consisted 
of  a  solution  containing  145  grams  of  nickel  sulphate  {i.e.  30  grams 
of  nickel)  per  litre ;  the  anodes  of  stout  nickel  foil  (containing  04 
per  cent  of  carbon,  002  of  silicon,  010  of  copper,  0*43  of  iron,  014 
of  cobalt,  and  002  of  manganese)  wrapped  in  parchment  to  hold 
back  the  anode  slimes;  and  the  cathodes  of  thin  sheet  nickel  from 
which  the  deposit  could  be  readily  detached.  The  electrolyte  was 
kept  in  motion  during  the  experiments  by  bubbling  air  or  carbon 
dioxide  through  it.  Compact  nickel  deposits,  light  grey  to  tin  white 
in  colour,  were  obtained  by  electrolysing  at  50°  to  90°  C.  with  current 
densities  of  50  to  250  amperes  per  square  mfetre  (7.(^,  42  to  210 
amperes  per  square  yard).     The  higher  the  current  densities,  the 

'  Zeit.  fur  anorg.  Ckem.,  1895,  p.  8. 

*  Zeit.  fiir  EUktrochemie,  1897,  1898.  vol.  vi. 

*  QiianlitcUive  Analye  an/efe-tro/i/finrhem  Wfge.     Aachen,  1882. 
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lighter  and  more  lustrous  were  the  deposits ;  unevenness  of  deposit, 
which  with  time  gave  rise  to  a  warty  surfig^^e,  was  shown  to  be  due  t^ 
adhering  bubbles  of  hydrogen,  which  disturbed  the  even  distribu- 
tion of  the  current.  This  could  be  guarded  against  by  keeping  the 
electrolyte  agitated,  so  that  bubbles  could  not  cling  for  long  to  the 
cathode  surface. 

In  the  main  experiments  the  electrolyte  contained  7000  grains  of 
•nickel  per  gallon,  the  temperature  was  60°  C,  the  current  density  14- 
to  18  amperes  per  square  foot,  the  tension  of  the  bath  1'3  volt 
and  the  distance  between  the  electrodes  4  cm.  (i.e.,  about  1^  inches}- 
The  deposit  obtained  under  these  conditions  was  a  compact  metal  of 
great  toughness.  Carbon,  silicon,  copper,  and  manganese  had  bei^n 
completely  eliminated  by  the  electrolysis,  but  three-quarters  of  the 
iron  and  cobalt  of  the  anodes  had  been  precipitated  on  the  cathodes. 
This  was  not  affected  by  a  repetition  of  the  process,  so  that  ii 
appears  that  both  iron  and  cobalt  are  more  electronegative  than  nickel. 
In  agreement  with  this  is  the  fact  that  electrolytic  nickel  generally 
contains  a  little  iron.  Small  quantities  of  cobalt  and  iron  (0*48  t^> 
1*32  per  cent.)  do  not  affect  the  density  and  the  lustre  of  nickel. 
Only  when  the  quantity  of  iron  is  considerable  does  the  nickel 
deposit  break  away  from  the  cathode  in  large  curled  leaves. 

If  nickel  chloride  be  used  as  electrolyte,  the  deposit  is  leafy 
at  ordinary  temperatures  and  in  neutral  solutions.  Raising  tht» 
temperature  produces  quickly  a  green  powdery  deposit  of  basic 
nickel  chloride.  It  was  found  that  this  could  be  prevented  by 
making  the  electrolyte  slightly  acid,  176  grains  of  hydrochloric  aci<i 
per  gallon  sufficing  for  this  purpose ;  so  that  for  every  grain  of  nickel 
precipitated  005  to  01  grain  of  acid  had  to  be  run  in.  The 
temperature  in  this  case  was  50°  to  90°  C,  the  current  density  6i  to 
28  amperes  per  square  foot,  and  the  electrolyte  contained  3500  t4» 
8400  grains  of  nickel  per  gallon  ;  the  deposit  was  dull  grey  to  silver 
white  and  its  lustre  and  toughness  increased  with  the  temperatuiv 
and  the  concentration  of  the  electrolyte.  Bubbles  of  hydrogen 
formed  more  readily  than  in  the  case  of  the  neutral  sulphate  solu- 
tions, and  as  a  consequence  the  nickel  showed  more  tendency  to 
form  warty  deposits. 

Forster  s  experiments  on  the  electrolysis  of  chloride  solutions, 
using  anodes  of  carbon,  gave  unsatisfactory  results.  The  elec- 
trolyte contained  7000  gi*ains  of  nickel  per  gallon,  the  temperature 
was  80°  C,  the  current  density  18  amperes  per  square  foot,  tht' 
tension  1*8  to  1*9  volts,  and  the  distance  between  the  electrodes 
3  inch.     At  first  the  deposit  was  lustrous  and   compact.      Owing, 
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however,  to  the  solvent  action  of  the  liberated  chlorine  upon  the 
nickel  the  yield  was  only  66-70  per  cent.,  and  soon  fell  to  ^J  of  the 
theoretical ;  at  the  same  time  darky  carbonaceous  particles  appeared 
at  the  cathode,  and  the  nickel  deposit  contained  eventually  01 8  per 
cent,  of  carbon  and  was  brittle.  Forster  regards  this  phenomenon 
as  due  to  the  passage  of  organic  compounds  from  the  anode-carbon 
into  the  electrolyte. 

Wohlwill  ^  has  lately  investigated  the  separation  of  copper  from 
nickel  in  their  alloys.  The  alloy  is  used  as  the  anode  and  a  solution 
of  nickel  and  copper  sulphates  as  the  electrolyte,  and  the  separation 
depends  upon  the  solution  of  both  metals  and  the  precipitation  of 
the  copper  only  at  a  particular  tension  and  current  density.  Now 
the  diminution  in  concentration  of  the  copper  in  the  electrolyte, 
and  the  increase  in  concentration  of  the  nickel,  proceeds  so  quickly, 
that  in  a  short  time,  not  only  copper  but  also  hydrogen  is  liberated 
at  the  cathode,  for  the  copper  deposited  at  the  cathode  is  equivalent 
to  the  copper  and  nickel  dissolved  at  the  anode.  Hence  more 
copper  is  deposited  at  one  electrode  than  is  dissolved  at  the  other 
(1  lb.  of  nickel  is  dissolved  at  the  anode  for  1'08  lb.  of  copper  pre- 
cipitated at  the  cathode).  To  obtain  therefore  a  compact  deposit 
of  copper,  an  amount  of  copper  (in  the  form  of  sulphate)  equivalent 
to  the  amount  of  nickel  dissolved,  must  be  added  constantly  or  at 
intervals  to  the  electrolyte.  This  addition  is  only  stopped  when  the 
concentration  of  nickel  sulphate  in  the  electrolyte  has  reached  the 
desired  point.  Practically,  this  concentration  is  not  allowed  to 
exceed  12^  lbs.  of  nickel  sulphate  per  cubic  foot,  otherwise  the 
cathode  deposit  is  apt  to  enclose  liquor.  Much  less  energy  is  needed 
to  decompose  copper  sulphate  under  these  conditions  than  when 
a  pure  copper  sulphate  solution  is  electrolysed  with  insoluble 
anodes. 

To  obtain  the  nickel  as  sulphate  from  the  solution,  the  method 
is  to  replace  the  old  cathodes,  as  soon  as  the  electrolyte  has  become 
sufficiently  concentrated  in  nickel  and  too  impoverished  in  copper  to 
give  a  compact  deposit,  by  new  cathodes  of  copper  or  lead,  upon 
which  the  copper  is  deposited  in  a  less  pure  and  compact  form. 
Then  the  soluble  anodes  are  replaced  by  insoluble  ones,  lead  plates 
being  used  when  the  liquor  is  such  that  there  is  no  possibility  of  the 
formation  of  lead  peroxide.  This  is  the  case,  according  to  Borchers, 
when  the  alloy  contains  some  iron,  and  the  electrolyte  consequently 
some  ferrous  sulphate.  If  the  electrolyte  is  free  from  iron  (and  if  the 
water  used  has  not  been  quite  free  from  chlorides)  then  the  lead 
>  Borchers,  ElektromeUUlurgie.  .3rd  ed.,  1902,  p.  284. 
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anodes  are  speedily  attacked.  After  the  greater  part  of  the  copper 
has  been  removed  from  the  electrolyte  in  this  way,  the  mixed 
vitriols  are  won  from  it  by  evaporation  and  crystallisation,  and  thest' 
are  freed  from  iron  and  copper  by  dissolving  and  precipitating  with 
suitable  reagents.  The  solution  is  then  worked  up  for  pure  nickel 
vitriol  by  repeated  crystallisation,  or  for  nickel  ammonium  sulphate 
by  addition  of  ammonium 'sulphate. 

Giinthner,  whose  experiments  will  be  further  described  later  on, 
found  that  the  copper  deposit  in  electrolysis  was  of  good  character 
so  long  as  the  concentraticm  of  copper  in  the  electrolyte  did  not  fall 
below  1  per  cent.  He  states  also  that  nickel  ammonium  sulphate  is 
but  little  suited  for  electrolysis,  since  its  solution  at  the  ordinary 
temperature  contains  too  little  nickel  (1  per  cent.). 

Borchers^  has  proposed  a  method  for  the  treatment  of  alloys  of 
nickel,  copper,  and  iron  prepared  from  mattes.  In  his  experiments 
the  proportional  (juantities  of  these  three  mefeils  in  the  alloy  were  as 
2:1:1.  The  alloy  was  used  sis  anode,  and  an  acid  solution  of  copper 
sulphate  as  electrolyte.  Most  of  the  copper  was  deposited  on  the 
C4\thode,  while  inm,  nickel  and  some  copper  passed  into  solutii>n. 
As  soon  as  the  lifjuor  had  become  s«iturated  with  sulphate  of  iron 
and  nickel,  it  was  run  off,  the  copper  precipitated  by  scrap  iron,  and 
the  iron  and  nickel  separated  by  tuldition  of  ammonium  sulphate 
in  quantity  ecjuivalent  to  the  nickel  in  solution,  and  by 
crystallisation  of  the  double  sulphate  of  nickel  and  ammonium 
at  a  density  of  solution  below  that  needed  for  the  crystallisation  of 
iron  vitriol.  This  double  salt  crystallises  from  a  boiling  h^t 
solution  at  a  density  of  18  B.,  but  ferrous  sulphate  and  ferrous 
ammonium  sulphate  do  not  cryst^illise  out  until  the  density  reaches 
31'  B.  If  the  density  of  the  liquor  remains  at  Iciist  5"  B.  beneath 
that  requisite  for  the  crystallisation  of  ferrous  or  feri'ous  ammonium 
sulphate,  then  crystals  of  nickel  ammonium  sulphate  are  nbtiunt-d, 
which  can  be  freed  from  iron-salt  by  re-crystallisation.  If  the  nickel 
double  salt  is  to  be  used  for  electrolytic  purposes  (though  thi.«5  is 
inadvisable,  as  stated  above),  then  the  crystals  are  washed,  ami 
dissolved,  and  the  iron  precipitated  by  chromates  or  persulphates. 

Borchers  converts  the  nickel  ammonium  sulphate  into  nicke! 
sulphate,  the  solution  of  which  is  used  4is  the  electrolyte.  This  i> 
brought  about  by  double  decomposition  with  nickel  carbonat*', 
obtained  by  the  addition  of  soda  to  impoverished  electrolyte,  thi- 
products  being  nickel  sulphate   and   ammonium    carbonate.      Thr 

*  Jahrhuch  d.  Elekirorhemh,  1897,    vol.    iv.   p.    305.      EUktronuttallnrtjit^    19f»3 
p.  189. 


plant  employed  in  the  preparation  of  ammonium  carbonate  from 
ammonium  sulphate  and  soda  may  be  used  in  this  case  too.  As 
small  quantities  of  iron  are  taken  up,  the  solution  of  nickel 
sulphate  must  be  purified  by  chromates  or  persulphates,  before  being 
used  for  electrolytic  purposes. 

Giinther^  has  experimented  on  the  extraction  of  nickel  and 
copper  from  pyrrhotite  containing,  these  metals,  the  nickel  being 
isolated  finally  as  sulphate,  and  the  solution  of  this  electrolysed  both 
with  soluble  and  insoluble  anodes.  Lead  plates  were  used  as  in- 
soluble anodes,  a  solution  of  nickel  ammonium  sulphate  containing 
1  per  cent,  of  nickel  and  0  3  per  cent,  of  acetic  acid  was  the 
electrolyte,  and  sheet  nickel  was  used  for  the  cathodes.  The 
temperature  of  the  bath  was  70''  C,  the  current  density  18 
amperes  per  square  foot,  the  tension  at  the  beginning  3*5  volts,  and 
the  distance  between  the  electrodes  6  to  7  cm.  The  nickel  deposit 
was  compact  and  smooth  at  first,  but  later  a  dark  brown  adhesive 
coating  formed,  and  the  E  M.F.  rose  to  5*6  volts  after  8  to  10  hours, 
owing  to  the  higher  resistance  of  this  deposit.  It  fell  again  to  3*5 
volts  when  the  brown  coating  was  removed.  The  yield  of  metal  did 
not  exceed  35  per  cent,  of  the  theoretical. 

The  brown  deposit  was  produced  by  the  conversion  of  part  of 
the  anode  lead  into  lead  peroxide  and  lead  sulphate.  The  former 
conducts  well,  but  the  crust  formed  by  its  enclosing  lead  sulphate 
has  a  high  specific  resistance.  The  poor  yield  in  the  experiments 
was  probably  largely  due  to  the  small  concentration  of  the  electrolyte, 
since  sulphate  solutions  with  3  per  cent,  of  nickel  gave  a  yield  of 
70  per  cent,  of  the  theoretical.  As  however  the  concentration  of 
nickel  ammonium  sulphate  at  the  ordinary  temperature  does  not 
c  vceed  1  per  cent,  of  nickel  and  as  the  double  salt  crystallises  out 
on  cooling,  it  is  obvious  that  this  salt  is  unsuitable  for  electrolysis  on 
a  large  scale.  Hence  it  was  replaced  by  nickel  sulphate  in  the  ex- 
periments with  soluble  anodes  of  lead,  zinc,  and  copper. 

In  these  experiments  diaphragms  were  used,  the  electrolyte,  a 
solution  of  nickel  sulphate  containing  35  per  cent,  of  nickel,  being 
allowed  to  flow  through  the  cathode  division,  whilst  in  the  anode 
division  there  was  placed  a  solution  of  two  salts,  so  selected  that  the 
anion  of  the  first  formed  a  soluble  compound  with  the  anode,  and 
the  anion  of  the  other  precipitated  an  insoluble  compound  of  the 
anode  metal  fi'om  this  soluble  compound,  regenerating  at  the  same 
time  the  first  salt.     As  metal  is  thus  consumed  constantly,  it  was 

*  Afuzug  aim  einer  InaugurcU- Dissertation  filr  die  Technische  Hochschule  Aarlien 
In  tier  Zeit&ch.  d,  Vereins  deutsrher  Iwjenieure,  April  18,  1903,  p.  574. 
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sought  to  obtain  the  metal  in  the  insoluble  compound,  in  the  forni  of 
a  pigment  of  some  value. 

In  the  experiments  with  lead  anodes,  the  salt  with  the  solvent 
anion  was  sodium  chlorate,  that  with  the  precipitating  anion, 
sulphate,  chroraate,  or  carbonate  of  sodium.  The  sodium  chlorate* 
solution  contained  12  per  cent,  of  the  salt. 

When  sodium  sulphate  was  employed,  it  was  thought,  that  with 
the  precipitation  of  nickel  at  the  cathode,  lead  would  dissolve  at  the 
anode  as  chlorate,  and  by  reaction  of  this  with  sodium  sulphate,  lead 
sulphate  would  be  precipitated  and  sodium  chlorate  regenerated: 
furthermore  that  sodium  sulphate  would  be  regenerated  frf»m 
equivalent  amounts  of  the  decomposition  products  of  the  nickel 
sulphate  in  the  cathode  division,  and  the  sodium  chlorate  in  the 
anode  division.  The  experiments  however  showed,  that  though  a 
good  deposit  of  nickel  was  obtained  with  a  yield  of  95*4  per  cent  of 
the  theoretical,  yet  a  perfect  regeneration  of  sodium  sulphate  by  d>» 
means  took  place,  so  that  constant  additions  of  this  salt  had  to  V* 
made.  Again,  to  keep  the  nickel  of  good  quality,  a  constant  supply 
of  acid  at  the  cathode  was  necessary.  Electrolysis  was  therefore  per- 
formed with  electrolytes  containing  0*02  to  0*4  per  cent,  of  sulphuric 
acid,  and  the  consumption  of  acid  found  to  be  0*35  gram  per  ampfen*- 
hour.  The  best  results  were  got  when  the  electrolyte  contained  00-^ 
to  0*06  per  cent,  of  free  acid. 

When  sodium  chromate  was  used  as  the  precipitant,  the  in- 
soluble salt  was  a  mixture  of  chromate  and  sulphate  of  lead.  Th^ 
nickel  deposit  was  good ;  the  yield  90  per  cent,  of  the  theoreticd 
the  tension  of  the  bath  2*5  to  4*2  volts,  and  the  current  density  1'! 
to  28  amperes  per  square  foot. 

With  sodium  carbonate  in  the  anode  division,  the  precipitate 
was  a  mixture  of  carbonate  and  sulphate  of  lead.  The  nickel  v:i> 
of  good  quality  and  the  yield  was  95  per  cent.;  the  tension  was  l*i 
volts  and  the  current  density  11  amperes  per  square  foot. 

When  copper  anodes  were  used,  the  solvent  and  precipitant  wero 
sulphate  and  carbonate  of  sodium  respectively.  The  nickel  dejx^i' 
was  fair,  and  the  insoluble  salt  consisted  of  a  mixture  of  copper 
carbonate  and  cuprous  oxide. 

In  the  experiments  with  zinc  anodes,  ordinary  commercial  metai 
was  used;  the  solvent  was  chloride  or  sulphate  of  sodium,  th» 
precipitant  soda.  The  products  were  zinc  carbonate  (coloured)  an'i 
a  perfect  nickel  deposit.  The  yield  was  90  to  93  per  cent,  of  th^ 
theoretical,  the  tension  23  to  26  volts,  and  the  current  den.<it} 
31  to  36  amperes  per  square  foot. 


Although  the  nickel  deposits  are  good  in  the  exper  i 
soluble  anodes,  yet  the  precipitates  of  insoluble  comp  i 
worthless  as  pigments.     Hence  the  endeavour  was  made 
these  bodies  at  the  ordinary  temperature  outside  of  th< 
the  solvent  salt  being  added  to  the  anode  division  for  tl 
The  metallic  solution  thus  obtained  was  run  off  from  the 
vessel  and  there  treated  with  the  precipitating  salt.     1  i 
could  only  be  of  use  when  the  soluble  salt  formed  at  the 
not  diffuse  to  the  cathode  and  give  up  its  metal  alon 
nickel.     Now  lead  chlorate  could  not  be  detected  in  the  li  | 
cathodes,  and  the  nickel  was  of  good  quality.     The  lead  c  ; 
off  from  the  bath  yielded,  on  addition  of  sodium  chr<  i 
chromate,  which  could  be  utilised  as  a  pigment,  and  sodii  i 
was  regenerated.     The  zinc  salt  (sulphate  and  chlorate)  \^ 
in  small  quantity  at  the  cathode,  but  none  was  thrown  : 
the  nickel.     The  zinc  liquors  could  be  treated  successfu  ', 
white  or  lithopone.     The  copper  salt  (sulphate  or  chlora  i 
into  the  cathode  division  and  was  deposited  along  with 
making  the  latter  spongy. 

Borchers  ^  has  devised  an  apparatus  suitable  for  th  : 
ments.     The  diaphragms  are  clay  cells  21  inches  long 
high,  and  5^  inches  wide ;  these  are  supplied  by  the  Roys  I 
Manufactory  in  Berlin.     The  rest  of  the  apparatus  does 
from  that  used  in  the  electrolysis  of  copper. 

It  is  still  an  open  question  whether  the  production  of 
of  lead  paints  together  is  economically  sound.     There  cai 
any  doubt  however  in  the  case  of  zinc  pigments,  since  the 
of  zinc  sulphate  by  the  solution  of  zinc  is  much  dearer  1 1 
the  other  methods  for  preparing  it. 

We  shall  now  discuss  other  methods  and  proposals  for  . 
lytic  extraction  of  nickel. 

The  extraction  of  nickel  from  its  ores  was  tried  at  ii 
Smalt  Works  in  Silesia.  Nickel  ^as  deposited  by  a  curre 
ammoniacal  solution  containing  caustic  soda.  This  meth<; 
come  into  use. 

Extraction  of  nickel  from  smelting  products  was  pi 
Andr^  in  1877.^  The  substances  containing  nickel, — mfi 
or  alloys, — were  to  be  cast  into  anode  plates,  and  suspende 
sulphuric  acid.  For  the  cathodes,  copper  or  carbon  p 
suggested.  The  current  should  be  so  regulated  that  only  i 
in  these  substances  separated  out  on  the  cathodes,  while  i 
1  Elektrametallurgie,  1903,  p.  292.        ^  Q^r.  Pat.,  No.  6048,  Novemb 
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solved  in  the  electrolyte.  To  remove  the  last  portions  of  copper  from 
this,  a  carbon  anode  should  be  introduced  after  the  disappearance  ut 
the  original  one.  Thus  the  last  of  the  copper  is  deposited  from  tht- 
acid  solution,  which  now  should  contain  only  nickel  sulphate  with 
some  iron  sulphate. 

To  remove  the  iron  the  solution  should  be  made  ammoniacal, 
and  evaporated  down  in  leaden  pans  in  a  current  of  air,  so  that  the 
iron  may  be  precipitated  as  ferric  hydrate.  The  liquid  filtered  firnu 
this  consists  of  nickel  sulphate  only,  and  may  be  worked  up  for  the 
crystallised  salt,  or  the  monoxide,  or  metallic  nickel.  The  last  may 
be  obtained  by  precipitating  the  hydrate  or  carbonate,  and  reducing 
as  has  been  already  described,  under  wet  treatment,  or  the  electric 
current  may  again  be  used.  In  the  last  case  the  solution  is  made 
ammoniacal.  Carbon  or  nickel  plates,  or  copper  plates  covered  with 
gi-aphite,  are  to  be  used  as  cathodes.  Iron  or  zinc  plates  are  recom- 
mended as  anodes,  so  as  to  avoid  polarisation. 

It  should  be  noticed,  however,  that  iron  or  zinc  is  not  adaptai 
for  the  anode,  as  solutions  of  iron  and  zinc  salts  differ  but  slightly  in 
electrochemical  behaviour  from  those  of  nickel  salts. 

Stahl  ^  proposes  a  similar  method  for  extracting  nickel  from  coarso 
copper.  This  is  melted  in  a  reverberatory  furnace,  the  hearth  of 
which  is  of  basic  material,  and  is  oxidised  to  get  rid  of  iron  and  arsenic, 
until  nickel  begins  to  pass  into  the  slag.  Then  it  is  poled  and  csist 
into  anode  plates.  These  are  to  be  subjected  to  electrolysis  in  order 
to  separate  the  copper,  sulphuric  acid  being  the  electrolyte,  and 
sheets  of  copper  the  cathodes.  The  current  is  regulated  so  that  only 
copper  is  deposited  on  the  cathode  from  the  acid  solution,  wherea^ 
nickel,  iron  and  small  quantities  of  arsenic  pass  into  the  solutioo. 
while  silver,  lead,  antimonic  acid,  antimony  oxide,  arsenic  acid  and 
copper  sulphide  form  a  thick  mud,  which  fells  to  the  bottom  of  thi- 
liquid.  The  separation  of  the  last  portions  of  copper  from  the 
solution  is  performed  with  carbon  anodes  as  in  Andre's  process. 
Fresh  anodes  may  also  be  inserted  as  required  in  order  to  obtain  by 
itself  the  copper  which  is  rendered  impure  by  simultaneously 
deposited  arsenic. 

Chloride  of  lime  is  next  added  to  the  warm  solution  containing 
iron  and  nickel,  to  convert  ferrous  into  ferric  sulphate;  and  then 
slight  excess  of  soda  is  added  to  the  acid  solution,  and  this  is  heat^^l 
until  the  whole  of  the  iron  is  thrown  down  as  basic  ferric  sulphate. 
This  precipitate  is  removed  by  filter  presses,  and  the  liquid  used  t* 
make  nickel  sulphate,  monoxide  or  metal.     If  metal  is  t.o  be  depositoi 

^  Berg-  untl  HiUtenm.  Ztg.,  1891,  p.  270. 


by  electrolysis,  the  solution  is  made  ammoniacal ;  dense  carbon  forms 
the  anode,  a  sheet  of  nickel  or  a  sheet  of  copper,  covered  with 
graphite,  the  cathode. 

If  nickel  monoxide  is  to  be  produced  from  the  copper-nickel 
alloy,  the  copper  is  still  deposited  by  electrolysis  in  the  way  de- 
scribed, and  nickel  dissolved.  Then  the  monoxide  is  obtained  just 
as  in  the  wet  treatment. 

Hoepfher  ^  proposes  to  obtain  from  the  material  containing  nickel 
as  produced  by  the  previously  described  wet  treatment  a  pure  neutral 
solution  of  nickel ;  to  acidify  this  with  a  weak,  badly-conducting  oxy- 
acid  (such  as  citric  or  phosphoric  acid),  and  then  to  electrolyse  with 
an  insoluble  anode.  The  anodes  dip  into  cells  filled  with  a  solution 
of  the  chloride  of  an  electropositive  metal.  Vertically  rotating  or 
oscillating  discs  of  metal  are  used  as  cathodes.  The  deposition  of 
spongy  material  is  prevented  by  movable  brushes  or  rubbers.  The 
electrolyte  is  kept  in  constant  motion  by  pumps. 

Instead  of  insoluble  anodes,  soluble  or  partially  soluble  ones  may 
be  used.  The  material  for  such  can  only  be  of  metals  which  are 
more  electropositive  than  nickel  (such  as  zinc),  and  will  not  be 
deposited  with  the  nickel.  (These  methods  are  proposed  also  for  the 
extraction  of  cobalt,  zinc,  lead,  tin,  and  copper.) 

In  a  later  patent*  Hoepfner  suggested  smelting  nickel  and  cobalt 
ores  with  copper  ores,  and  treatment  of  the  resulting  matte  as  in 
his  process  for  the  electrolytic  production  of  copper  from  its  ores. 
The  preparation  of  a  nickel-copper  matte  in  this  way  from  nickel  ores 
free  from  copper  is  against  the  principles  of  nickel  and  copper  smelt- 
ing, and  is  self-condemned  in  consequence.  The  method  can  claim 
consideration  in  the  case  of  the  treatment  of  copper-nickel  mattes 
obtained  from  copper-bearing  nickel  ores.  The  method  consists  in 
the  treatment  of  the  pulverised  matte  with  a  mixture  of  solutions  of 
cupper  and  calcium  chlorides,  whereby  the  copper  and  nickel  go  into 
solution  as  sub-chlorides.  The  solution  is  purified  from  iron  and  then 
the  greater  part  of  the  copper  precipitated  by  electrolysis.  The 
residual  copper  and  the  iron  and  other  impurities  are  removed,  and 
the  nickel  (and  cobalt)  are  deposited  electrolytically. 

The  copper  chloride  solution  attacks  the  sulphide  of  copper  and 
nickel,  liberating  sulphur  and  forming  nickelous  and  cuprous 
chloride,  an  equivalent  amount  of  cupric  salt  being  reduced  to 
cuprous  salt.  The  nickel  chloride  is  soluble  in  water,  the  cuprous 
chloride  in  the  calcium  chloride  which  is  present. 

»  Kng.  Pat.,  No.  13336  of  1893. 
•^  Kng.  Pat.,  No.  11307  of  1894. 
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The  purification  of  the  solution  from  iron  may  be  perforaied  ^ith 
caustic  alkali,  or  an  alkaline  carbonate,  with  the  injection  of  a  current 
of  air.^  After  the  greater  part  of  the  copper  has  been  removed  by 
electrolysis  of  the  solution,  bleaching  powder  is  added  to  oxidise  any 
ferrous  to  ferric  salt,  and  the  latter  is  precipitated  by  lime.  Lead 
and  copper  may  be  removed  either  electrolytically  or  by  means  of 
sulphuretted  hydrogen  in  special  purifying  vats.  After  the  second 
purification  the  nickel  is  deposited  by  the  electric  current  In 
electrolysing  solutions  of  cuprous  chloride  chlorine  is  liberatied  at 
the  anode.  This  is  utilised  by  causing  a  stream  of  cuprous  chloride 
solution  to  flow  round  the  anode,  the  chlorine  being  absorbed 
thereby  and  the  cuprous  salt  oxidised  to  cupric  salt.  Chlorine  is 
also  liberated  in  the  electrol)rsis  of  nickelous  chloride,  but  this  is  led 
into  a  solution  of  cuprous  chloride  outside  the  bath  ;  for  if  the  anode 
were  enclosed  with  a  diaphragm,  and  if  the  cuprous  solution  flowed 
through  this,  as  in  the  latter  case,  some  copper  solution  would  diffuse 
to  the  cathode  and  copper  would  be  deposited  from  it  along  with  the 
nickel. 

The  cupric  chloride  obtained  in  the  electrolysis  of  cuprous  and 
nickel  chlorides  is  used  for  the  solution  of  copper  and  nickel  from 
the  mattes.  This  process  with  certain  modifications  is  said  to  be  in 
use  at  Papenberg  in  East  Friesland  for  the  treatment  of  nickel- 
copper  mattes. 

A  process  has  been  suggested  by  the  firm  Basse  and  Selve  in 
Altena,^  which  consists  first  in  adding  certain  organic  bodies  to 
neutral  or  slightly  acid  solutions  containing  nickel,  cobalt,  iron,  and 
zinc,  such  as  will  prevent  the  precipitation  of  their  oxides  by 
alkalies.  Such  are  acetic  acid,  citric  acid,  glycerine  and  dextrose. 
Then  the  solution  is  made  alkaline  by  soda  or  potash  lye,  and  sub- 
jected to  electrolysis.  Thus  iron,  cobalt,  and  zinc  are  deposited  on 
the  cathode,  while  nickel  either  remains  entirely  in  the  liquid  or 
comes  down  partly  as  hydrate,  according  to  the  strength  of  the 
alkaline  solution.  The  precipitation  of  the  hydrate  occurs  if  the 
current  is  continued  for  long.  The  solution  then  contains  nickel,  free 
from  the  other  metals,  and  ammonium  carbonate  is  added  to  it  in 
such  a  quantity  as  to  form  carbonate  of  all  the  free  alkali ;  then  it  is 
subjected  to  electrolysis.  Nickel  is  deposited  on  the  cathode  with  a 
bright  surface. 

Nothing  is  known  as  to  the  practical  introduction  of  this  proct^vv 
Rickets^  proposes  to  separate  nickel  and  copper  by  electrolysiiiLT 

^  Eng.  Tat.,  No.  22030  of  1891.  ^  o^r.  Pat,  No.  64251  of  1891. 

»  U.S.  Pat.,  February  6,  1894,  No.  514276. 


t^he  solution  of  the  salts  of  both  metals,  after  addition  of  the 
ssulphate  of  an  alkali  metal.  The  copper  is  deposited  at  the  cathode 
£i.nd  the  nickel  separates,  with  the  increase  of  acid,  and  collects  at 
t>he  bottom  of  the  bath  as  the  sparingly  soluble  double  sulphate  of 
nickel  and  the  alkali  metal.  This  process  gives  no  promise  of 
success,  and  has  never  been  put  into  practice. 

Le  Verriers  method^  of  separating  iron  and  nickel,  when 
ferriferous  nickel  is  used  as  the  anode,  is  as  follows.  The  electrolyte 
is  either  nickel  ammonium  sulphate,  or  a  weak  solution  of  nickel 
amnionium  chloride  containing  sodium  chloride.  By  maintaining 
the  bath  slightly  alkaline  by  means  of  the  hypochlorite  of  an 
alkali  metal  or  an  alkaline  earth,  the  iron,  which  is  dissolved  along 
with  the  nickel,  is  oxidised  and  precipitated  in  the  bath,  being 
thereby  prevented  from  being  deposited  with  the  nickel  at  the 
cathode.  This  oxidation  of  the  iron  can  also  be  eflfected  by  chloride 
of  lime  (bleaching  powder),  or  if  the  quantity  be  small,  by  air. 
If  the  double  sulphate  be  used  as  electrolyte,  lime  salts  must  not  be 
added  for  oxidation  purposes,  since  otherwise  insoluble  calcium 
sulphate  will  be  formed.  The  oxidising  agent  in  that  case  would  be 
sodium  hypochlorite. 

Kugel  ^  suggests  the  use  of  hot  nickel  salt  solutions  acidified 
with  perchloric  or  perbromic  acids  or  sulphuric  acid,  in  order  to 
obtain  the  nickel  on  electrolysis  in  a  tough  condition  fit  for  rolling. 
The  anodes  are  of  nickel  matte  or  of  some  insoluble  material,  and  a 
suitable  acid  content  (which  depends  mainly  upon  the  current 
density)  is  maintained  by  the  addition  of  a  very  strong  solution  of 
the  magnesium  salt  of  the  acid  in  question,  magnesium  sulphate 
being  employed  for  instance  in  the  electrolysis  of  nickel  sulphate. 
One  gallon  of  water  at  90°  C.  can  hold  in  solution  56,000  grams  of 
nickel  sulphate  and  the  same  amount  of  magnesium  sulphate. 

Frasch's  process  *  for  the  treatment  of  nickel-copper  matte,  which 
is  said  to  have  been  tried  experimentally  by  the  Nickel  Copper  Co. 
in  Ontario,  is  carried  out  as  follows.  The  coarsely  crushed  matte  is 
charged  into  a  vat,  on  the  bottom  of  which  are  copper  plates  used  as 
anodes.  A  thin  layer  of  sand  covers  the  matte  and  serves  as  a 
diaphragm.  A  strong  solution  of  salt  is  run  into  the  vessel  until  it 
just  covers  the  diaphragm,  and  upon  this  a  weak  solution  of  soda 
which  forms  the  cathode  division.  Water  may  be  used  instead  of 
soda,  since  the  latter  is  produced  during  the  course  of  the  process. 
The  cathodes   are   arranged   in    the    water   or   soda   solution.     On 

»  Ger.  Pat.,  No.  112890.  ^  q^t.  Pat.,  No.  117054. 

'*  ISng.  and  Mitt.  Journ.^  1900,  vol.  Ixx.,  p.  272, 
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electrolysing,  the  chlorine  of  the  salt  combines  with  the  metals  of 
the  matte  forming  a  solution  of  chlorides  of  nickel  and  copper,  from 
which  these  metals  may  be  deposited  either  chemically  or  electro- 
lytically,  and  caustic  soda  is  formed  at  the  cathode.  Another 
method  of  treating  the  solution  of  the  chlorides  is  to  precipitat-e 
part  of  the  copper  electrically,  and  to  use  the  residual  solution, 
which  contains  the  copper  as  cupric  chloride,  for  leaching  matte,  as 
in  the  Hoepfner  process.     This  method  has  not  come  into  use.^ 

Ulke  ^  has  described  a  direct  method  for  the  treatment  of  irou- 
free  copper-nickel  matte  containing  on  an  average  : — 


Cu  . 

43'4  per  cent. 

Ag. 

672  ounces  per  ton 

Ni  . 

400       „ 

Au  . 

0  96  to  192  ounces  per  ton 

Fe   . 

03       „ 

Pt   . 

4-8 

S     . 

13-8       „ 

The  matte  is  cast  into  anodes  and  the  cathodes  are  made  of  sheet 
copper.  The  baths  are  arranged  with  air-circulation  apparatus  as  in 
the  refining  of  sugar.  The  electrolyte  is  a  solution  of  nickel 
sulphate  obtained  by  dissolving  the  granulated  matte  in  dilute 
sulphuric  acid,  and  adding  8  per  cent,  of  free  acid  to  the  solution. 
About  0'5  per  cent,  of  ammonium  sulphate  is  also  added  to  prevent  the 
precipitation  of  arsenic,  and  a  little  hydrochloric  acid  to  keep  the 
silver  in  the  anode  slimes.  The  strength  and  tension  of  the 
current  are  so  selected  that  the  copper  is  deposited  at  the  cathode, 
the  nickel  is  dissolved,  and  the  precious  metals  collect  in  the  anode 
slimes.  After  the  complete  solution  of  the  copper  at  the  anode  and 
the  precipitation  of  the  greater  part  at  the  cathode,  the  electrolyte 
is  run  off,  the  residual  copper  thrown  out  by  sodium  sulphide  or  bv 
filtering  through  nickel  matte,  and  the  iron  removed  as  hydroxide 
by  the  addition  of  freshly  precipitated  nickel  hydroxide,  as  in  Cabell 
Whitehead's  method.  After  filtration  the  nickel  may  be  recovered 
from  the  solution  by  electrolysis,  by  crystallising  out  its  vitriol,  or 
as  carbonate  by  the  addition  of  soda,  the  carbonate  being  afberv^'a^i^ 
converted  into  oxide. 

If  electrolysis  is  resorted  to,  the  liquor  is  made  neutral  or  faintly 
ammoniacal,  and  the  process  is  carried  out  with  anodes  of  carbon  or 
lead  and  cathodes  of  sheet  nickel,  if  the  object  be  to  obtain  thf 
nickel  free  from  copper.  If  there  be  no  objection  to  the  presence  «>t 
a  little  copper  in  the  nickel,  crude  nickel  anodes  may  be  used  {(.'i- 

1  Tfu:  Mill.  Ind.,  1903,  p.  232. 

-  Eng.  and  Min.  JonriUy  1897,  vol.  Ixiii.,  p.  113.  ^tiL  fiir  Kltiirochtrmity  vol.  iii  . 
p.  519. 


such  crude  nickel  containing  95  per  cent,  of  the  metal  as  is  prepared 
at  the  Orford  works).  If  insoluble  anodes  like  carbon  be  employed 
the  electrolyte,  at  first  neutral,  becomes  acid  in  time,  and  conversely, 
when  soluble  anodes  like  crude  nickel  are  used,  it  becomes  alkaline. 
Fontaine  therefore  proposes  to  employ  anodes  of  both  crude  nickel 
and  carbon  together  in  the  same  bath,  so  that  by  their  combined  action 
the  electrolyte  may  be  kept  neutral. 

The  anode  slimes  containing  the  precious  metals  are  treated  by 
boiling  them  with  dilute  sulphuric  acid  to  remove  impurities,  and  by 
melting  the  residues,  and  casting  them  into  anode  plates  and  electro- 
lysing them  by  the  Moebius  process  (Vol.  I.,  p.  913).  In  this  way 
silver  is  deposited  at  the  cathode,  whilst  gold  and  platinum  collect 
in  the  anode  slimes.  The  latter  are  dissolved  by  treatment  with 
aqua  regia,  and  the  silver  present  in  them  is  converted  into  insoluble 
chloride.  From  the  solution  gold  is  precipitated  with  ferrous 
sulphate,  and  the  platinum  is  isolated  as  the  ammonium  platini- 
chloride. 

This  process  is  said  to  have  been  tried  experimentally  at  the 
works  of  the  Canadian  Copper  Co.,  Cleveland,  Ohio,  though 
nothing  is  known  of  the  result  obtained.  It  is  possible  that  the 
process  has  been  supplanted  by  the  electrolysis  of  copper-nickel 
alloys  obtained  from  Canadian  ores,  which  is  said  to  be  worked  on  a 
large  scale  at  present  in  North  America. 

Browne's  process  ^  for  the  treatment  of  these  alloys  is  said  to  be  in 
use  at  Cleveland,  Ohio.^  The  alloys  are  cast  into  anode  plates  ;  the 
cathodes  are  at  first  (while  copper  is  being  deposited)  copper  plates, 
and  the  electrolyte  is  a  solution  of  the  chlorides  of  copper  and 
nickel.  The  impoverishment  of  the  electrolyte  during  the  deposition 
of  the  copper  is  made  good  by  causing  it  to  flow  continuously 
through  a  tower,  where  it  comes  in  contact  with  nickel-copper  matte 
or  alloy,  sodium  chloride  solution  and  chlorine,  the  chlorine  being 
generated  during  the  electrolysis  of  the  nickel  chloride  solution. 
During  the  first  part  of  the  electrolysis  copper  is  deposited  at  the 
cathode  and  the  nickel  remains  in  solution.  When  the  concentra- 
tion of  the  latter  has  reached  a  certain  point,  the  liquor  is  run  oflF, 
the  residual  copper  precipitated  with  sulphuretted  hydrogen,  the 
iron  removed  (though  in  what  way  is  not  stated)  and  the  purified 
liquor  then  electrolysed  between  carbon  anodes  and  sheet-nickel 
cathodes.  Nickel  is  deposited  at  the  cathodes,  and  the  chlorine 
evolved  at  the  anodes  is  led,  Jis  stated  above,  into  a  tower  containing 

»  Canadian  Tat.,  January  14,  1902,  No.  74401. 
-  The  Min.  Ind.,  190:?,  p.  497. 
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nickel-copper  matte  and  alloy.  The  arrangement  for  collecting  and 
leading  off  the  chlorine  is  shown  in  Fig.  484.  D  are  closed  spaces 
over  the  anode  A,  the  electrolyte  in  the  bath  C  acting  as  a  water- 
seal.  B  are  the  cathodes,  F  is  the  outlet  pipe  for  the  chlorine,  and  E 
a  pipe  for  leading  in  ammonia  to  the  bath.  Further  details  on  the 
method  and  results  and  the  apparatus  used  are  lacking. 

Ulke  ^  uses  as  anodes  copper-nickel  alloys  containing  not  more 
than  20  per  cent,  of  nickel  and  not  less  than  80  per  cent,  of  copper. 
The  cathodes  during  the  deposition  of  copper  are  made  of  sheei 
copper,  and  the  electrolyte  during  the  same  interval  is  a  hot  solution 
of  nickel  and  copper  sulphate,  acidified  with  sulphuric  acid.  As  the 
copper  is  rapidly  withdrawn  from  this   during   the   process,  small 


Kio.  484. 


quantities  of  the  liquor  are  frequently  run  off  from  the  bath  and 
replaced  by  fresh  solution.  The  liquor  thus  run  off  is  deprived  of 
this  copper  by  precipitation  with  hydrogen  sulphide,  and  the  pre- 
cipitate of  copper  sulphide  is  said  to  be  dissolved  in  hot  sulphuric 
acid,  the  hydrogen  sulphide  formed  in  this  reaction  being  used  to 
precipitate  copper  from  impoverished  liquor,  and  the  copper  sulphate 
solution  to  replace  partly  the  liquor  run  off  from  the  bath. 

The  nickel  sulphate  solution  thus  freed  from  copper  is  made 
ammoniacal  and  electrolysed  hot  between  anodes  of  sheet  lead  and 
cathodes  of  sheet  nickel.  To  prevent  undue  exhaustion  of  the 
nickel,  certain  quantities  of  the  electrolyte  are  run  off  periodically 
and  replaced  by  fresh  liquor.  The  partially  spent  liquor  is  treated! 
for  ammonia  and  nickel  sulphate,  both  of  which  are  employed  again 
in  the  process. 

By  the  withdrawal  from  time  to  time  of  part  of  the  electrolyte, 
and  its  replacement  by  fresh  liquor,  the  electrolyte  is  kept  at  the 
requisite  strength  for  the  deposition  of  copper  and  nickel  respectively 
so  that  the  process  is  a  continuous  one.     Details  are  wanting,  but 

»  Tht  Min.  Ind.,  1902,  p.  497. 
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the  process  is  said  to  yield  nickel  of  good  quality,  anc 
factory  from  the  economic  point  of  view. 

The  process  now  to  be  described  is  said  to  be  used 

Superior  Co.^     Anodes,  containing  90  per  cent,  of  copp 

per  cent,  of  nickel,  along  with  a  few  ounces  per  ton  o 

platinum,  and  palladium,  are    prepared  by    working 

Oanadian  nickel-copper  matte  with  copper  matte  or  i 

copper  concentrates.      These  anodes  are  subjected  t< 

treatment  in  the  same  way  as  are  the  coarse-copper  i 

refining  of  copper,  the  only  diflference  being  that  pc 

electrolyte  are  withdrawn  at  intervals  and  replaced  1 

copper  sulphate,  so  that  too  great  a  concentration  of 

electrolyte  is  prevented.     The  liquor  thus  withdrawn 

copper  and  iron  (though  in  what  way  it  is  not  stated),  ^ 

nickel  sulphate,  and  this  converted  into  a  mixture  ofnic 

of  nickel.     The  mixture  of  these,  contained  in  a  bask 

the  anode  in  a  circuit,  the  electrolyte  being  a  hot  solu 

sulphate.     The  application  of  soluble  anodes  is  said  t 

results  than  electrolysis  of  nickel  sulphates  with  insolu 

Electrolytic  refining  of  crude  nickel  obtained  from  ( 

was  for  some  time  carried  out  successfully  by  the  Balb 

and  Refining  Co.,  Newark,  near  New  York-     The  j 

was  kept  secret,  was  begun  in  1894,  but  was  stopped 

works  which  supplied  the  crude  nickel  undertook  the 

themselves.     According  to  Ulke  ^  the  process  was  in  o] 

1900,  and  1,000  tons  of  electrolytic  nickel  were  pr 

electrolyse    was   hot   nickel   sulphite.       For    1    h.p. 

energy,  i.e.,  on  the  average  15  amperes  per  square  foot 

volts,  2  to  4  tons  of  nickel  were  produced  per  year 

anodes  contained  94  to  97  per  cent,  of  the  metal ;  t! 

nickel  did  not  contain  over  025  per  cent,  of  iron.     Tl 

back  to  the  process  is  said  to  have  been  the  large  quar 

formed  by  the  ready  disintegration  of  the  imperfectly 

brittle  anodes.     This  could  be  partly  got  over  by  usi 

cast  anodes,  framework  anodes  containing  the  nickel  ii 

metallic  or  imperfectly  reduced  granulations,  or  of  pow( 

or  by  connecting  the  crude-nickel  plates  in  series  so  tl 

deposited  on  the  cathode  sides  protected  the  anode  s 

integration. 

»  The  Min.  Ind,,  1903,  p.  491. 

2  Eng.    and  Min,   Journ.,    1897,    Ixiii.    p.     113.      Ztil.  fur   h 
p.  519.  '  Elecfrochemical  Indimlryy  1903,  vol.  i.,  p.  208. 
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The  crude  nickel  prepared  at  the  Orford  Works,  Constable  Hook, 
N.J.,  contained : — 

Ni 95  to  96  per  cent. 

Cu 0-2  to  0-6  per  cent. 

Fe 0-75 

Si       0-25 

C        0-45 

S         300 

The  sulphur  was  added  intentionally  to  faeilitate  the  casting  of 
the  metal  into  anode  plates.  The  nickel  deposited  at  the  cathode 
contained  : — 

Ni 99-5  to  99-7  per  cent. 

Cu 01  to  0-2 

Fe       01 

S         002 

As       003 

Pt       trace 


IV.  Refining  of  Coarse  Nickel. 

Although  formerly  coaree  nickel  contained  only  60  to  90  per 
cent,  of  pure  nickel,  at  the  present  time  a  metal  can  be  obtained  from 
the  most  diverse  ores  with  98  to  99  per  cent,  of  pure  nickel,  and 
containing  only  very  small  quantities  of  impurities — cobalt,  copper, 
iron,  zinc,  sulphur,  arsenic,  silicon,  carbon,  magnesium. 

The  composition  of  some  of  the  earlier  samples  of  coarse  nickel  i^ 
shown  by  the  following  analyses  : —  ♦ 

Joachimiithal.  Klefva.  Schlttdmiug. 

Per  cent.  Per  cent.                    Per  cent. 

Ni 86-5— 71-4  83-0—90  86-7—88 

Cu trace— 18-9  1-3—  0-2              1-8—  1-9 

Fe 0-2—  1-3  0-2—  0-4              18—  1*9 

Co 0-9—120  5-5— 11-2              6-8—  74 

As 00—  0-6  —                     0-7—  0-8 

Na —  9-9—  0-2                   — 

S trace—  01  07—  1*4                   — 

SiO, 00—  3-5  0-7—  0-9              00—  1  0 

Residue     ....            0-6—  1 '6  —                      0-0— 08 

Two  of  the  later  samples  of  coarse  nickel  are  composed  a> 
follows : — 

Iserlohn.  New  Caledonin. 

Per  cent.  Per  cent. 

Ni 99-6  0-98 

Cu 0-2 

Fe        0-2 

C 0-3  013 

Si      ...    .        -  0-50 

Mn —  1-53 


Crude  nickel  is  refined  either  electrolytically  or  ir 
The  former  method  has  already  been  described.     Tl  ; 
of    some   of  the    impurities    is    attempted    in    the     i 
coarse  nickel,  by  obtaining  a  nickel  monoxide  as  pui  i 
The  removal  of  impurities  at  a  later  stage  by  an  o: 
of  the    coarse   nickel  is  only  possible  when  they   ai  ; 
acted  on  by  the  oxygen  of  the  air  than  nickel  is  (s  i 
carbon,  and  iron).    Thus  the  processes  of  Wharton  in 
and  of  von  Bischoff  in  Pfannenstiel,  aim  at  removin  ; 
silicon   by  a  sort  of  puddling  process.     At  the  met;  I 
factory  of  Berndorf  near  Vienna,  carbon    is    remove 
cubes  of  nickel,  reduced  at  a  moderate  heat,  in  a  4  pei  < 
of  alkaline  manganate  or  permanganate,^  and  then  fus 
temperature.     A  metal  capable  of  being  hammered 
obtained.      Gamier  ^  removed   iron  from  coarse  nicl  i 
large  quantities  of  it — such  as  is  obtained  by  the  dire<  i 
gamierite — by  fusion  in  a  Siemens  furnace  with  qua  • 
He    has  also   suggested    a   reverberatory  furnace    w  I 
powdered    limestone.'*     In   this  method  carbon  dioxi  1 
and  serves  as   an   agitator,  and   sulphur  is    said    to 
from   the  nickel   by  the    excess  of  lime   and  carbon 
working  of  the  New  Caledonian  ores  into  a  matte,  t : 
which  seem  hardly  to   have   passed  the   experimental 
fallen  into  disuse. 

At  present  the  object  always  is  to  work  up  coarse  li 
by  the  processes  described,  into  a  compact  malleable  n 
Pure  nickel  oxide  is  worked  so  as  to  give  the  same 
reduction.  The  method  consists  in  fusing  the  metal 
and  removing  from  the  molten  mass,  by  selected  fluxei 
oxide,  carbon  monoxide,  and  nickel  cyanide. 

Nickel  monoxide  dissolves  in  molten  nickel  just  ■ 
cuprous  oxides  in  their  corresponding  metals.  It  ma 
brittle. 

Carbon  monoxide  is  readily  absorbed  by  molten  nicl< 
the  metal  spongy. 

Cyanide  of  nickel,  which,  according  to  Fleitmann,  ri 
in  the  molten  metal,  makes  it  brittle. 

Of  the  methods  described  below  for  the  removal  of  t 


'  Ger.  Pat.,  No.  28989. 

2  Bery-  nnd  Hiittenm.  Ztg.,  1878,  p.  245  ;  1879,  p.  IS 

»  fitahl  nnd  Eisen,  1883,  p.  518. 
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impurities,  the  one  suggested  by  Fleitmann  of  adding  magnesiuui 
has  proved  the  most  effective. 

By  the  addition  of  magnesium  to  the  molten  metal,  nickel  monox- 
ide and  carbon  monoxide  are  reduced  to  nickel  and  carbon  respectively. 
Nickel  cyanide  is  decomposed,  nickel  being  set  free  and  volatile 
magnesium  cyanide  formed. 

To  refine  the  nickel  it  is  fused  in  crucibles  of  graphite,  lined  with 
burnt  fire-clay ;  these  hold  between  33  and  90  lbs.  of  nickel  The 
same  sort  of  crucible  is  used  for  the  production  of  pure  nickel  from 
pure  nickel  oxide.  The  graphite  crucibles  used  in  the  Orford  Works 
are  18  inches  high  and  14  inches  wide  at  the  top  and  hold  about 
80  lbs.  of  monoxide  with  16  per  cent,  of  coal  for  reduction. 

It  is  not  advisable  to  add  fluxes  in  fusing  nickel,  for  they  attack 
the  crucibles  strongly. 

At  the  Westphalian  Works  ^  the  crucibles,  when  filled  with  coarse 
nickel,  are  first  heated  in  a  wind  furnace  with  coke  fuel,  and  then 
placed  in  a  furnace  built  on  the  Sefstrom  principle,  urged  by  an 
air-blast.     Each  of  these  latter  furnaces  takes  only  one  crucible. 

After  the  nickel  is  melted,  which  is  said  to  take  about  an  hour 
and  a  half,  a  small  quantity  of  magnesium  is  added,  and  the  metal 
poured.  The  magnesium  is  kept  immersed  by  the  help  of  a  bar 
of  pure  nickel  or  fire-clay. 

Fleitmann,  the  discoverer  of  the  purifying  action  of  magnesium, 
added  at  first  ^  per  cent,  of  magnesium  to  produce  ductile  castings,- 
but  afterwards  he  diminished  this  quantity  by  using  magnesium 
alloys  instead  of  magnesium,  especially  the  alloy  with  nickel.  W^hen 
zinc  is  present  in  the  metal  to  be  purified,  to  the  extent  of  4  or  5  per 
cent.,  the  least  addition  of  magnesium  is  necessary.  Such  nickel 
may  be  formed  by  the  reduction  of  the  oxides  of  zinc  and  nickel 
intimately  mixed.  With  this  -^  per  cent,  of  magnesium  is  enough : 
it  makes  the  metal  very  ductile,  and  also  gives  it  the  power  of 
being  welded  to  itself,  or  to  iron  and  steel.  In  consequence  of 
this  property  it  can  be  made  into  nickel  plated  sheets  0*004  inch 
thick. 

The  quantity  of  magnesium  can  be  still  further  reduced  if 
reducing  gases,  such  as  hydocarbons,  hydrogen,  or  carbon  monoxide, 
are  first  blown  through  the  molten  metal. 

In  the  following  analyses  by  Knorre  and  Pufahl  may  be  seen  the 
composition  of  three  kinds  of  nickel  before  and  after  the  addition  of 
magnesium.     These  were  melted  at  the  works  of  Basse  and  Selve  in 

'  0(Mtnn\  ZeitHchrift,  1894,  p.  326. 

•^  Cier.  Pats.,  Nos.  6:^65,  7569,  9405,  13304,  14172,  2350U,  28460,  28924. 


Altena,  in  graphite  crucibles  lined  with  fire-clay,  each  containing 
about  70  lbs.  About  IJ  oz.  of  magnesium  was  added  to  each  pot ; 
the  nickel  obtained  could  be  forged. 

Composition  op  Original  Samples. 

I.  II.  III. 

Nickel 97-87  97*90  98*21 

Cobalt 1-45  1-25  119 

Iron 0-45  O'oO  0*25 

Copper               •  .    .    .    .           010  007  0*07 

SUicon 019  —  — 

SiUca —  019  0-24 

Carbon trace  trace  trace 

Sulphur 0'05  trace 

10011  89-91  99-86 

Composition  ajter  Addition  of  Magnesium. 

1.  II.  III. 

Nickel 98-24  97  76  98  38 

Cobalt 1-09  1-33  104 

Iron 0-36  060  0  32 

Copper 010  009  0  07 

Silicon 0*06  010  0*07 

Magnesium 0*11  Oil  0*12 

99-96  99-90  10000 

Instead  of  magnesium  there  are  other  substances  that  can  be 
employed  to  remove  the  same  injurious  impurities  in  nickel,  but 
all  seem  to  have  been  entirely  surpassed  by  magnesium.  Amongst 
these  are  black  flux  and  coal,  aluminium,  calcium,  calcium-zinc, 
manganese,  phosphorus,  potassium  ferrocyanide,  and  ferrous  cyanide. 

At  the  Berndorf  Works,  black  flux  and  coal  were  used  at  one 
time.  The  vapour  of  potassium  seems  to  be  set  free  and  to  act  as  a 
reducing  agent. 

Aluminium  appears  to  be  less  active  than  magnesium.  Calcium 
and  calcium-zinc  should  act  energetically,  but  are  more  expensive 
than  magnesium. 

Manganese,  suggested  as  a  purifier  by  Garnier  in  1876,  seems  to 
have  given  good  results  at  the  works  of  H,  Wiggin  and  Co.,  in 
Birmingham,  where  it  was  added  in  quantities  of  IJ  to  3  parts  to 
100  of  the  metal  before  casting ;  an  addition  of  more  than  5  per  cent, 
is  said  to  make  nickel  hard.  Manganese  peroxide  can  also  be  mixed 
with  the  nickel  oxide  before  reducing.  At  the  Basse  and  Selve 
Works  about  2^  to  3  per  cent,  of  the  peroxide  is  said  to  be  added  to 
the  nickel  oxide  before  it  is  made  into  cubes.^  Thus  manganese 
peroxide  is  reduced  to  metal  in  the  subsequent  reduction.  The 
metal  combines  with  oxygen  and  will  be  separated  in  the  slag. 

»  (4er.  Pat.,  No.  25798. 
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Fleitmann  ^  uses  manganese  to  separate  sulphur  from  nickel. 
Coarse  nickel  or  the  monoxide  is  melted  with  charcoal  in  a  cupt^la 
furnace  and  then  the  liquid  metal  run  into  a  Bessemer  converter.  To 
this  is  added  manganese  or  a  manganese  alloy,  by  which  the  sulphur  is 
carried  into  a  slag.  After  this  has  been  removed  from  the  surface  of 
the  molten  mass,  air  is  blown  through  to  oxidise  carbon,  man- 
ganese and  iron.  After  the  carbon  has  burned  out,  a  mixture  of  air 
and  oxygen,  or  oxygen  alone,  is  blown  in,  so  as  to  increase  the  tem- 
perature of  the  whole  and  ensure  the  complete  combustion  of  the  ircm. 
Finally  the  excess  of  oxygen  now  present  in  the  liquid  metal  i> 
said  to  be  removed  by  a  fresh  addition  of  manganese-nickel,  or  by 
powdered  charcoal,  or  by  gaseous  reducing  agents,  carbon  monoxide, 
a  hydrocarbon  or  hydrogen. 

Nickel  obtained  by  these  means  is  said  to  be  very  good  for  rolling 
and  hammering. 

Phosphorus  was  tried  as  early  as  1855  by  Ruolz  and  Fontenay. 
It  has  the  power  of  combining  with  more  oxygen,  weight  for 
weight,  than  any  of  the  other  agents.  It  has  also,  according  to 
Garnier,  the  property  of  increasing  the  hardness  of  nickel  at  the 
expense  of  its  malleability,  if  more  than  the  three-thousandth  part  is 
present.  Gamier,  therefore,  has  adopted  a  phosphor-nickel  with  about 
6  per  cent,  phosphorus.  He  prepares  this  alloy  by  fusing  a  mixtun* 
of  nickel,  carbon,  calcium  phosphate,  and  silica. 

According  to  Manhes,^  sulphur  is  removed  from  coarse  nickel 
by  smelting  it  in  a  regenerative  reverberatory  furnace,  with  a 
mixture  of  lime  and  calcium  chloride  or  chloride  of  lime,  on  a 
hearth  with  a  basic  lining.  This  mixture  must  be  laid  in  a  fairly 
deep  layer  on  the  hearth,  and  on  top  of  it  the  metal  to  be  refined,  in 
granulated  form,  and  mixed  with  lime  and  the  chloride  of  calcium 
or  chloride  of  lime.  At  a  sufficiently  high  temperature  part  of  the 
sulphur  passes  off  as  dioxide  and  the  rest  goes  into  the  slag,  as  basic 
sulphide. 

According  to  Wedding  the  addition  of  magnesium  is  necessary 
for  a  compact  forgeable  metal. 

Compact  metal  may  be  also  obtained  if  the  monoxide  is  mixed 
with  powdered  charcoal,  heated  to  the  reduction  point  in  graphite 
crucibles,  and  then  fused. 

Molten  nickel  is  poured  into  cast-iron  moulds.  If  it  is  to  be  usi<l 
in  making  alloys,  it  is  granulated  by  pouring  it  into  water. 

'  Oer.  Pat.,  No.  73243,  July  20,  1892. 
''  (ior.  Pat.,  No.  77427,  January  21,  1894. 


COBALT 

Physical  Properties 

Cobalt  possesses  a  reddish-grey  colour  and  considerable  lustre : 
it  is  ductile  at  a  red-heat,  but  at  ordinarj'  temperatures  it  is  hard 
and  brittle,  and  is  suitable  for  the  manufacture  of  cutting  tools,  on 
account  of  its  hardness.  It  has  a  granular  fracture.  Its  specific 
gravity  is  said  to  be  between  85  and  8*9 ;  that  of  the  metal 
reduced  by  hydrogen  is  8*957,  according  to  Rammelsberg.  It  is 
magnetic,  melts  between  1600**  and  2000°  C,  and  cannot  be  volatil- 
ised.    Regnault  gives  the  specific  heat  as  010696. 

The  Chemical  Properties  of  Cobalt  and  of  its  most 
Important  Compounds 

Massive  cobalt  does  not  change  in  either  damp  or  dry  air,  but  the 
metal  which  has  been  reduced  in  hydrogen  at  the  lowest  possible 
temperature,  or  that  which  has  been  prepared  at  a  low  temperature 
from  the  oxalate,  is  pyrophoric.  On  heating  cobalt  in  oxygen  it 
bums  with  a  red  light  forming  the  oxide :  at  a  red  heat  it  decom- 
poses water. 

It  dissolves  slowly  in  hydrochloric  and  sulphuric  acids  with 
liberation  of  hydrogen,  and  easily  in  hot  dilute  nitric  acid,  forming 
in  each  case  a  solution  of  the  corresponding  cobaltous  salt.  It 
absorbs  carbon  when  heated  with  it ;  combines  directly  with  sulphur, 
the  halogens,  phosphorus,  arsenic,  antimony  and  silicon  ;  it  can  be 
precipitated  by  the  electric  cuiTent  from  its  solutions,  and  in 
other  respects  resembles  nickel  very  closely  in  its  properties. 

Oxides 

It  forms  three  oxides  : — Cobaltous  oxide,  CoO,  cobaltoso-cobaltic 
oxide,  CojjO^jand  cobaltic  oxide,  Co.^03,  all  of  which  are  black,  and  can 
Vt)L.  11  3  c 
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be  reduced  to  metal  by  carbon  or  hydrogen  at  a  high  temperature. 
Cobaltic  oxide  combines  with  water  to  form  a  dark-brown  powder, 
the  hydrate  Co(OH)3,  which  when  heated  passes  successively  into 
CogOj,  CO3O4,  and  CoO.  The  principal  salts  of  cobalt  are  those 
derived  from  cobaltous  oxide. 

CoBALTous  Sulphide,  CoS, 

is  obtained  as  a  blackish-brown  precipitate  when  aqueous  solutions 
of  cobaltous  salts  are  treated  with  an  alkaline  sulphide.  This  pre- 
cipitate is  insoluble  in  dilute  hydrochloric  acid.  When  heated  by 
an  electric  current  it  behaves  similarly  to  nickel  sulphide. 

Cobaltous  Sulphate,  CoSO^+THgO, 

forms  a  soluble  double  salt  with  ammonium  sulphate  which,  like  the 
corresponding  nickel  salt,  serves  for  the  electrolytic  depasition  <>f 
the  metal. 

Potassium  nitrite  when  added  to  solutions  of  cobaltous  salts 
precipitates  potdssium-cobalti-nitrite,  KNOCo2(N02)^;  as  a  yellow 
erj'stalline  powder. 

The  so-called  cobaUamines  are  compounds  of  cobaltic  chloride 
with  varying  amounts  of  ammonia,  and  are  formed  by  the  oxidation 
of  ammoniacal  solutions  of  cobaltous  chloride.  Roseocobaltous  chloride, 
C02CI6.IONH8-I-2H2O;  Purpureo-cobaltous  chloride,  CojCl^lONHj: 
Luteocobaltous  chloride,  Co2C1^.12NH8  are  some  of  these  bodies. 
When  heated,  they  are  all  converted  into  pure  metallic  cobalt,  and 
have  been  proposed  for  its  manufacture. 

Cobalt  Ores 

The  ores  of  cobalt  which  serve  for  the  production  of  the  oxidf 
or  smalt  are  speiss-cobalt,  cohaltine,  cobalt-pyrites  and  earthy  cc^Ut. 
The  other  minerals  in  which  cobalt  occurs  possess  a  minemlogical 
rather  than  a  metallurgical  interest. 

SpeisS'Cobalt,  smaltine,  or  tin  white  cobalt,  CoAsj,  which,  when 
pure,  contains  28*2  per  cent,  of  cobalt,  occurs  in  Saxony  at  Freibeiy. 
Schneeberg  and  Annaberg ;  in  Prussia  at  Riechelsdorf ;  in  Bohemia 
at  Joachimsthal ;  in  Hungary  at  Dobschau ;  at  Tunaberg  in  Sweden : 
at  Allemont  in  France ;  in  Cornwall,  and  in  the  State  of  Missouri. 
U.S.A. 

Cobaltine,  bright  white  cobalt  or  cobalt  glance,  CoAsS,  contains 
when  pure  35*5  per  cent,  of  cobalt,  but  usually  a  portion  of  the 
cobalt  is  replaced  by  nickel  and  iron.     It  is  found  at  the  foUowinir 
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places : — In  Sweden  at  Tunaberg,  Riddar-hyttan,  QIadhammar  and 
Vena  near  Annaberg ;  in  Norway  at  Skutterud ;  in  England  at 
Botallack,  Cornwall ;  in  Germany  at  Querbach  (Silesia),  and  Siegen 
(Westphalia) ;  in  Russia  at  Daschkesan  (Caucasus) ;  at  the  latter 
place  it  occurs  in  felsite  porphyry  and  is  free  from  nickel. 

Earthy  cobalt,  asbolan  or  wad,  is  a  mixture  of  varying  quantities 
of  cobaltous  oxide,  with  manganese  peroxide,  and  ferric  hydrate. 
The  proportion  of  cobalt  varies  from  2  to  20  per  cent.  It  occurs  in 
small  quantities  on  the  outcrop  of  cobalt  ore  deposits.  Extensive 
deposits  of  it  have  been  discovered  in  New  Caledonia,  and  contain 
from  3  to  5  per  cent,  of  cobalt.  Similar  deposits  have  been  found  at 
Port  Macquarie,  N.S.  Wales.  ^  It  also  occurs  at  Asturias  in  Spain, 
and  there  contains  15  per  cent,  of  the  metal. 

Other  cobalt  minerals  which  deserve  mention,  although,  on  ac- 
count of  their  comparative  rarity,  they  do  not  form  the  basis  for  a 
separate  process  of  extraction,  are : — Lmnceite,  C03  S4,  which  often  con- 
tains more  nickel  than  cobalt  and  is  then  known  by  the  name  cobalt 
niclcel  pyrites ;  it  occurs  in  Sweden  ;  at  Mlissen  near  Siegen ;  at  the 
Motte  mine  in  the  State  of  Missouri : — cobalt  bloom  or  erythrine, 
C03  Asg  Og+SHgO,  which  occurs  in  the  outcrop  of  cobalt  ore  deposits, 
usually  those  of  arsenical  ores ;  it  is  found  at  Schneeberg,  Saalfeld, 
Riechelsdorf,  Siegen,  Cornwall  and  Cumberland : — cobalt  vitriol  or 
bieberite,  CoSO^+THgO,  which  occurs  at  Bieber  in  Hesse.  Cobalt 
ores  are  nearly  always  found  with  nickel  ores ;  the  metiil  is  found 
with  nickel  and  iron  in  meteorites. 

Metallurgical  Products  containing  Cobalt  which  are  used 
AS  Sources  of  Smalt  and  Cobalt  Matte 

These  are  matte,  speiss  and  slag.  The  cobalt  which  exists  in  small 
quantities  in  a  great  variety  of  ores,  especially  in  those  of  nickel,  is 
collected  into  speiss  or  matte,  and  may  be  extracted  from  these  even 
when  present  in  very  small  quantity.  Cobalt  is  also  found  in  slags 
produced  from  matte  containing  cobalt  and  nickel,  when  these  are 
treated  by  oxidising  fusion. 

The  Extraction  of  Cobalt  and  Cobalt  Compounds 

Metallic  cobalt  has  had  a  very  limited  technical  application  up 
to  the  present  time,  and  is  produced  only  in  small  quantities  and 
by  methods  exactly  similar  to  those  in  use  for  the  production  of 
nickel,   viz.,  by  the  reduction  of  cobaltous  oxide,  CoO,  or  cobaltic 

*  The  Min.  Ind„  1902,  p.  492. 
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oxide,  CojOg.  Cobalt  ores,  however;  are  used  in  very  large  quantities 
for  the  production  of  smalt,  a  silicate  of  cobaltous  oxide  and  alkalies, 
which  possesses  an  intense  blue  colour,  and  is  used  as  a  pigment. 
(Silicate  of  cobalt  itself  is  an  exceedingly  strong  colouring  agent, 
surpassed  only  by  gold.  A  proportion  of  one-tenth  per  cent,  in  glass 
gives  it  a  deep  blue  colour.)  Other  cobalt  pigments  are  produced 
in  smaller  quantities ;  such  are  the  phosphate,  the  arseniate  (known 
as  red  oxide  of  cobalt),  cobalt  bivnze,  which  is  a  double  phosphate  of 
cobalt  and  ammonium,  cobalt  ultramarine  or  Theiiard's  blue,  which 
is  an  intimate  molecular  mixture  of  alumina  with  different  oxides  of 
cobalt,  Rinmann's  green,  and  others. 

Up  to  the  present  time  metallic  cobalt  has  been  prepared  only  by 
wet  methods.  The  metal  is  precipitated  from  solution  as  the  sesqui- 
oxide  C02O3,  which  is  afterwards  reduced  by  charcoal.  The  production 
of  the  metal  entirely  by  dry  methods  has  not  yet  proved  practicable 
on  account  of  the  impurities  of  the  ores  or  metallurgical  products 
employed.  Many  methods  have  been  proposed  to  prepare  it 
electrolytically,  but  none  of  these  seem  to  have  had  industrial  applica- 
tion, although  electrolytic  coatings  of  the  metal  have  been  obtained 
on  other  metals  and  alloys.  All  that  has  b3en  said  before  about  the 
electro-metallurgy  of  nickel  applies  equally  to  cobalt. 

For  the  reasons  given  above  the  extraction  of  cobalt  is  more 
frequently  carried  on  in  chemical  works  than  in  smelting  houses, 
and  the  methods  employed  are  largely  kept  secret,  as  in  the  case  of 
nickel. 

A  dry  direct  process  for  the  treatment  of  rich  cobalt  ores  is  used 
for  the  production  of  smalt,  and  also  to  a  smaller  extent  for  the 
preparation  of  cobalt  arseniate.  Other  cobalt  compounds  are  pre- 
pared in  chemical  works  from  cobaltic  oxide  or  from  salts  of  cobalt 
by  means,  of  wet  methods. 

We  therefore  have  to  distinguish  : — 

(1)  The  extraction  of  cobalt  oxide,  CojOj,  and  metallic  cobalt. 

(2)  The  production  of  smalt. 

1.  The  Extraction  of  Cobalt  Oxide  and  Metallic  Cobalt 

Cobalt  oxide  is  the  starting  point  in  the  preparation  of  the  pure 
metal  and  of  its  various  compounds. 

A.    THE    EXTRACTION    OF    COBALT   OXIDE 

Pure  cobalt  oxide  in  quantity  has  as  yet  been  prepi\red  only  by 
wet  methods  either  from  ores  or  from  furnace  products.     The  oxidt 
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resulting  from  roasting  ore,  speiss  or  matte  which  contains  sulphur 
or  arsenic,  or  both,  is  always  too  impure,  and  requires  to  be  dissolved 
in  order  to  remove  impurities  and  to  obtain  a  pure  product.  It  has 
been  proposed  ^  to  produce  from  sulphuretted  ores  a  matte  free  from 
iron,  and  containing  only  sulphur  and  nickel  besides  the  cobalt :  this 
matte  was  to  be  fused  under  a  blast  on  a  bed  of  quartz  and  sodium 
silicate  in  order  to  produce  a  silicate  of  cobalt,  and  this  latter  was  to 
be  fused  with  soda  and  nitre  in  order  to  liberate  the  cobalt  oxide. 
The  method,  however,  does  not  appear  to  have  come  into  use. 

The  common  methods  for  producing  cobalt  oxide  from  ores  which 
but  rarely  contain  any  ingredients  beside  nickel,  iron  and  (principally) 
copper,  in  addition  to  the  cobalt,  has  already  been  described  under 
nickel,  for  the  wet  methods  for  the  extraction  of  nickel  are  usually 
preceded  by  a  separation  of  cobalt  in  the  fomi  of  sesquioxide.  These 
will  accordingly  be  found  under  nickel* 

The  compounds  containing  sulphur,  arsenic,  sulpharsenides,  &c., 
are  first  dead  roasted  in  order  to  drive  off  sulphur  and  arsenic  and 
convert  the  heavy  metals  into  oxides.  The  same  object  may  be 
attained  by  the  more  costly  method  of  smelting  the  unroasted  ore 
with  soda  and  saltpetre,  or  with  sulphur  and  soda^ash,  or  potash  ;  in 
this  case  arseniates  and  sulpharseniates,  or  sulphates  of  the  alkali 
are  formed,  and  may  be  removed  by  lixiviation,  the  'heavy  oxides 
being  left  behind. 

The  oxides  so  obtained,  or  the  ores  where  these  already  contain 
the  metals  as  oxide,  are  treated  with  hydrochloric  or  sulphuric  acids, 
which  dissolve  the  cobalt,  nickel,  iron,  copper,  and  other  soluble 
oxides.  Lead,  copper  and  bismuth  are  precipitated  from  the  solution 
thus  obtained  by  sulphuretted  hydrogen  or  an  alkaline  sulphide,  and 
the  solution,  when  separated  from  the  precipitated  sulphides,  is 
treated  with  the  exact  quantity  of  chloride  of  lime  necessary  to 
convert  the  ferrous  into  ferric  oxide,  which  latter  is  then  thrown 
down  by  the  addition  of  powdered  chalk. 

(  The  bismuth  could  be  thrown  down  from  the  hydrochloric  acid 
solution  by  the  addition  of  water,  in  the  form  of  basic  chloride, 
instead  of  being  precipitated  with  the  lead,  copper,  &c.,  by  means  of 
sulphuretted  hydrogen.) 

The  cobalt  is  precipitated  from  the  liquid,  after  the  iron  has 
been  removed,  by  the  cautious  addition  of  chloride  of  lime  to  the 
warmed  solution.  It  is  thrown  down  as  sesquioxide,  and  unless  care 
is   taken  to  avoid  excess  some  nickel  comes  down  with    it.     The 

*   Muspratt-Kerl,  Handb.  der  Techn,  Chtin.y  3rd  ed.,   vol.  iii.,  p.  1938.     Oraham- 
Otto,  Chemistry,  1889,  p.  915. 
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solution  which  remains  after  the  cobalt  has  been  separated  yields 
nickel  when  treated  as  before  described.  Cobalt  may  also  be  pre- 
cipitated after  the  nickel.  In  this  case  soda  is  added  to  the  boiliiig 
solution,  which  precipitates  nickel  monoxide  with  a  small  amount  of 
cobalt  monoxide,  while  cobalt  with  a  trifling  quantity  of  nickel 
remains  dissolved.  It  may  now  be  precipitated  as  sesquioxide  by 
adding  more  soda,  or  by  chloride  of  lime. 

Another  method  for  the  separation  of  cobalt  and  nickel  consists 
in  first  neutralising  the  concentrated  solution  with  potash  lye,  then 
making  it  faintly  acid  with  acetic  acid,  and  treating  it  with  potassium 
nitrite,  which  throws  down  cobalt  as  potassium-cobalti-nitrite, 
nickel  remaining  in  solution.  When  the  precipitate  is  ignite  it  is 
converted  into  cobalt  sesquioxide.  If  lime  is  present,  potassium 
nitrite  is  of  no  use  for  separation,  for  Erdmann  finds  that  in  that  case 
a  salt  of  nickel  and  calcium  is  also  precipitated  (BL2CaNi(N02)j). 
Other  alkali  salts  have  also  been  proposed  for  the  purpose. 

Patera  formerly  employed  bisulphate  of  potash,  which  throws 
down  nickel  completely  as  a  difficultly  soluble  double  salt  containing 
a  small  quantity  of  the  cobalt  compound. 

According  to  JLimzel,  bisulphate  of  ammonia  is  more  suitable. 
The  latter  precipitates  the  nickel  double  salt  when  the  solution 
is  sufficiently- concentrated,  while  the  cobalt  compound  remains  in 
solution.  From  this  solution  cobalt  is  precipitated  as  sulphide  by 
ammonium  sulphide,  and  this  is  converted  into  sesquioxide  by  roasting. 

As  instances  of  the  recovery  of  the  sesquioxide  from  smelting 
products  containing  nickel  and  cobalt,  we  may  take  the  process  at 
the  Scopello  Works,  already  described  under  nickel  (p.  726),  and  at 
the  George  Works  at  Dobschau  (p.  729) ;  and  also  the  method  at 
the  Editha  Smalt  Works  in  Silesia,  and  at  similar  works  at  Ober- 
schlema  in  Saxony. 

Lundborg  ^  describes  the  treatment  at  the  Editha  Smalt  Works 
of  ores  containing  earthy  cobalt,  with  concentrated  hydrochloric  acid 
in  clay  vessels,  steam  being  blown  through.  Iron  is  first  thrown 
down  from  the  solution  by  adding  separate  small  portions  of  marble 
and  keeping  at  a  certain  temperature.  As  soon  as  nickel  begins  to 
come  down,  the  separation  of  iron  is  known  to  be  complete. 

Soda  is  now  added  to  the  filtrate  to  precipitate  nickel.  When 
cobalt  begins  to  come  down,  the  liquid  is  filtered,  and  precipitation 
continued,  a  mixture  of  the  two  monoxides  now  falling  until  all  the 
nickel  has  separated.  Lastly,  pure  cobalt  monoxide  may  be  thrown 
down  from  the  final  filtrate.     The  precipitate  of  mixed  oxides  i^ 

»  Jem.  Cont.  Annaltn,  1876,  pt.  2 ;  Berg-  U7id  Hiitt,  Ztg,,  1877,  p.  35. 
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accumulated  and   redissolved,  and    the  two   separated  similarly  by 
fractional  precipitation. 

The  matte  from  the  Sesia  Works  at  Oberschleraa,  in  Saxony,  is 
similarly  treated.  It  contains  16  per  cent.  Ni,  14  per  cent.  Co,  50  per 
cent.  Cu,  and  20  per  cent.  S.  The  powdered  matte  is  roasted  in  a 
reverberatory  furnace  and  treated  with  dilute  sulphuric  acid.  The 
copper  is  first  precipitated  by  iron,  after  which  the  remainder  of  the 
process  is  the  same  as  that  described  above.  Extraction  of  cobalt 
from  roasted  ores  and  smelting  products,  or  from  oxidised  ores,  by 
means  of  mineral  acids,  may  be  carried  on  if  there  are  not  many 
other  substances  present  which  will  dissolve  in  the  acid  ;  it  is 
especially  important  that  the  ores  do  not  contain  too  much  soluble 
gangue ;  otherwise,  with  a  rather  poor  material  originally,  the  suc- 
cessive filtrates  will  be  so  impure  and  contain  so  little  cobalt  that 
it  will  be  barely,  or  not  at  all,  worth  while  to  work  them  up  into 
the  sesquioxide.  For  the  working  of  such  mixtures  methods  have 
been  proposed  by  Herrenschmidt  and  Stahl,  which  will  now  be 
shortly  described. 

Herrenschmidt's  ^  method,  already  described  under  wet  methods 
for  nickel,  is  used  at  the  Mal^tra  Co.'s  works  at  Petit  Querilly,  near 
Rouen  ;  it  has  for  its  object  the  working  up  of  oxidised  cobalt  ores, 
and  especially  one  from  New  Caledonia,  an  asbolan,  containing  nickel, 
manganese,  and  iron,  mingled  with  clay.  The  average  composition  of 
this  ore  is  : — ^ 

MnO 18     per  cent, 

CoO 3 

NiO 1;25      „ 

SiOa 8 

Fe,03 30 

AlA 5 

CaO 1 

MgO 1 

Loss  by  ignition 3275      „ 

The  finely  powdered  ore  is  treated  with  ferrous  sulphate 
solution,  which  deposits  ferric  oxide  and  brings  cobalt,  nickel,  and 
manganese  into  solution  as  sulphates.  To  facilitate  solution  the 
whole  is  agitated  by  a  current  of  steam.  (The  gieen  vitriol  solution 
is  made  in  the  works  by  acting  on  cuttings  of  iron  with  sodium 
bisulphate  solution  and  separating  ferrous  from  sodium  sulphate  by 
crystallisation.) 

1  Oenie  civil,  1891,  18,  373;  Mmiit,  Scienttf,  vol.  vi.,  May,  1892;    Berg-  und 
HiUUnm.  Ztg.,  1892,  p.  464  ;  1893,  p.  1.       «  Berg-  und  Hiittenm,  Zig.,  1892,  p.  464. 
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The  solution  coDtaining  the  three  sulphates  is  separated  front  iht- 
resi*due  by  a  filter  press,  and  treated  with  sodium  sulphide  in  preci- 
pitation vats,  whereby  the  whole  of  the  cobalt  and  nickel  and  a  small 
portion  of  the  manganese  are  precipitated. 

(The  sodium  sulphide  is  made  in  the  works  by  treating  the  black 
residues  of  the  Leblanc  soda  process  with  sodium  sulphate  and 
water  and  warming,  when  by  double  decomposition  calcium  sulphate 
is  separated  and  a  solution  of  sodium  sulphide  is  obtained.) 

The  precipitate  of  metallic  sulphides  is  separated  by  a  filter  press, 
and  treated  with  solution  of  ferric  chloride,  which  decomposes  and 
dissolves  manganese  sulphide  but  does  not  act  on  the  other  two. 
A  fairly  pure  residue  of  nickel  and  cobalt  sulphides  is  thus  obtained, 
and  a  liquid  containing  manganese  sulphate  and  manganese  chloride 
with  ferric  and  ferrous  sulphates  and  chlorides.  This  liquid  after 
being  separated  may  be  treated  with  excess  of  chalk,  and  air  blown 
through,  which  gives  a  precipitate  of  calcium  manganite,  that  can 
be  worked  up  with  the  Weldon  mud  in  the  manufacture  of  chlorine 

The  two  sulphides  thus  freed  fi-om  manganese  are  dried  and 
subjected  to  a  careful  roasting  to  convert  them  into  sulphates. 
The  latter  are  washed  out  by  hot  water,  and  treated  with  (adcium 
chloride  which  forms  their  soluble  chlorides,  precipitating  calcium 
sulphate.  The  filtered  liquid  has  to  be  freed  from  the  small  amount 
of  iron  in  it  by  copper  oxide,  and  this  copper  thrown  down  by 
nickel  monoxide.  Then  it  is  divided  into  two  parts.  From  one 
cobalt  and  nickel  are  thrown  down  by  lime  as  hydrates,  the  precipi- 
tate carefully  washed  and  suspended  in  water,  then  treated  with 
chlorine  gas  and  air,  which  convert  both  hydrates  into  sesquioxides. 
The  nickel  sesquioxide  so  fonned  is  now  used  to  precipitate  cobalt 
from  the  other  half  of  the  solution.  For  this  purpose  the  precipi- 
tate of  sesquioxides  is  added  to  the  solution  of  the  two  chloride^ 
and  stirred  about  with  the  assistance  of  a  current  of  steam.  Nickel 
sesquioxide  is  reduced  to  monoxide  and  passes  into  solution,  and  the 
equivalent  of  cobalt  sesquioxide  is  precipitated,  with  the  original, 
which  is  not  dissolved  at  all. 

All  the  cobalt  is  now  precipitated  as  sesquioxide,  the  nickel 
is  dissolved  as  chloride.  The  latter  may  be  thrown  down  from  the 
liquid  as  monoxide  by  milk  of  lime. 

The  cobalt  sesquioxide  is  washed,  pressed,  dried,  and  ignited. 
When  the  nickel  is  precipitated  the  calcium  chloride  produced 
can  be  used  in  the  process  to  act  upon  the  sulphates  (formed  from 
sulphides  by  roasting). 

Nothing  is  known  yet  as  to  the  economic  results  of  this  methixl. 
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It  seems  to  be  most  suitable  to  a  Leblanc  soda  works,  where  chlorine 
is  made  by  the  Weldon  process. 

Stahl's  ^  method  consists  in  a  chlorinating  roasting  of  ores  poor  in 
cobalt  with  various  chlorides  and  pyrites  so  as  to  form  cobalt  chloride ; 
then  the  soluble  salts  are  washed  out  of  the  product,  cobalt  precipi- 
tated from  the  liquid  as  sulphide,  and  this  converted  into  oxide. 
Stahl  discovered  that  a  chlorinating  roasting  converted  copper  into 
nickel,  cobalt^  and  chlorides  almost  completely,  and  manganese  to  a 
great  extent,  while  iron  is  converted  into  oxide  ;  (if  the  wash  water 
is  slightly  acid  it  is  impossible  to  prevent  a  little  iron  being  dis- 
solved). Any  soluble  alkali  earths  in  the  ores  are  converted  into 
sulphates  by  the  roasting.  Calcium  and  magnesium  sulphate  pass 
into  the  solution  with  the  chlorides  of  cobalt,  nickel,  copper,  and 
manganese,  and  also  freshly  formed  alkali  sulphates  and  undecom- 
posed  alkali  chlorides.  (Calcium  sulphate  will  be  to  a  great  extent 
thrown  down  by  evaporating  the  wash  liquor  to  a  certain  density.) 

Stahl  treats  the  liquor  in  the  following  way.  First  copper 
sulphide  is  thrown  down  by  sulphuretted  hydrogen,  and  filtered  off. 
The  liquid  is  neutralised  by  soda,  and  sodium  sulphide  added  to 
precipitate  sulphides  of  cobalt,  nickel,  iron,  manganese  and  any 
copper  remaining.  Manganese  is  the  last  to  come  down,  and  so  may 
be  nearly  all  left  in  the  solution  by  carefully  regulating  the  amount 
of  the  precipitant. 

To  separate  cobalt  sulphide  from  the  others,  Stahl  ^  treats  them 
with  a  mixture  of  acetic  and  sulphurous  acids  until  the  solution 
is  slightly  acid.  Sulphurous  acid  decomposes  any  sulphuretted 
hydrogen  produced  and  prevents  its  being  noxious.  The  residue  is 
separated  by  a  filter  press,  roasted  to  convert  the  sulphides  into 
oxides,  and  then  treated  with  hot  pure  soda  lye  to  decompose  any 
sulphates  remaining;  finally  it  is  washed,  dried,  and  ignited. 

Stahl  first  tried  this  method  on  an  ore  of  this  composition : — 

Co     .     .     .     102  per  cent.  Fefi^    .     .     556  per  cent. 

106       „ 

0-81       „ 

88-36       „ 

The  ore  was  ground  down  to  about  006  inch  mesh,  and  placed  in 

»  Berg-  und  HiUtenm,  Ziy,,  1893,  p.  2  ;  Ger.  Pat.,  No.  58417. 
^  Additional  patent.  No.  66265. 
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a  long-bedded  calciner;  it  was  alternately  oxidised  and  reduced 
during  roasting  to  get  rid  of  arsenic.  Reducing  was  eflfected  by 
adding  sawdust.  The  product,  free  from  arsenic,  was  subjected  to 
chlorinating  roasting  in  a  special  furnace  (most  likely  a  muffle 
furnace).  For  this  purpose  it  was  mixed  with  15  per  cent  of  its 
weight  of  Abraumsalz  ^  (which  is  95  per  cent,  alkali  chloride)  and 
10  per  cent,  of  its  weight  of  pyrites  free  from  zinc  and  nickel ;  then 
it  was  roasted  at  a  red  heat  until  the  cobalt  was  fully  chlorinated. 
Stahl  gives  the  following  reactions : 

1 .  SFeSg + 22O2 = iFe^j + IGSOg. 

g      I    12NaCl  +  6S02+302+6H20=:6NajSO^+12HCl; 
I  2Co30,+12HCl  =  6CoCl2+6H20  +  02. 

3.  CojO^ + 6NaCl  +  SSOg + O^  =  SCoCl^ + SXa^SO^. 

.      (  6SQ2+ 302  =  6803; 

t    2Co30,  +  12NaCl  +  6S03=6CoCl2+6Na2SO,+02; 
and  so  on. 

The  product  was  washed  in  lixiviating  vats  fitted  with  straw 
filters,  four  times  with  slightly  acid  water  and  then  with  pure  water. 
This  acid  water  was  obtained  by  leading  the  gases  from  the  roasting 
into  condensation  towers,  where  the  acid  portion  was  absorbed  bv 
water.  The  wash  liquor  contained  0*41  per  cent.  Co  and  Ni,  0*075  Cu, 
traces  of  iron  and  manganese,  and  small  quantities  of  sodium  chloride, 
calcium  and  magnesium  sulphates,  and  appreciable  quantities  of 
alkali  sulphates.  The  residue  after  washing  contained  004  per 
cent.  Co  and  Ni.  Another  ore  containing  1  "08  Co  was  similarly  treated, 
and  gave  a  liquor  containing  0429  per  cent.  Co,  0*006  per  cent  Fe, 
0031  Mn,  0004  Cu  ;  and  small  quantities  of  salts  just  as  above.  The 
residue  contained  0*07  per  cent.  Co. 

Another  ore  of  which  the  composition  was : — 

•     •     1-49  per  cent.  Al ,0,  |  252  per  cent. 

.     .     4-09         „  MnjOj    .     .     1-44 

5^1.     .     0-36        „ 
.     .  Trace  MgO  j 

Alkali   .     .     Trace 

.     .     1-35         „  Insolublej     y^.^^g 

^^jj^,3    .     .  1402         „  residue  j 

produced  a  liquor  with  0'643  per  cent.  Co  and  Ni,  0057  per  cent.  Fi, 

'  See  vol.  i.,  p.  11. 
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0*296  Mn.     The  residue  contained  0*09  per  cent.  Co  and  Ni,  02 1  per 
cent.  As,  21'10  per  cent.  FegOg,  and  0*42  per  cent.  MngOg. 

Ores  with  2*81  per  cent.  Co,  0*04  per  cent.  Ni,  and  7*29  per  cent. 
As,  were  treated  in  the  same  way,  and  left  residues  with  Oil  per 
cent.  Co  and  Ni,  and  0*27  per  cent.  As. 

By  treatment  of  these  liquors  in  the  way  described  Stahl  obtained 
an  oxidised  product  with  92  per  cent.  CogOj. 

Whether  this  method  was  ever  worked  is  not  known  to  the 
author.  It  seems  possible  that,  if  the  cost  of!  reagents  is  low,  poor 
ores  containing  about  1  per  cent,  cobalt  can  be  worked  by  it  with 
profit. 

According  to  another  method  ^  the  dead  roasted  ore  is  re-roasted 
with  chlorides  of  iron,  whereby  cobalt  chloride  is  formed  with  ferric 
oxide  and  ferroso-ferric  oxide  : — 

(Co304+3FeCl55  =  3CoCl2+'Fe30^ ; 
2C03O4 + aFcgCle = 6C0CI2 + FePs + O^). 

As  far  as  the  writer  knows,  no  experiments  have  been  yet  made 
on  a  large  scale  to  ascertain  whether  the  conversion  of  cobalt  into 
chloride  is  complete. 

Sack  2  has  patented  a  process  for  separating  cobalt  from  man- 
ganese, iron,  and  aluminium,  based  on  his  researches  on  lead  peroxide 
and  its  hydrate.  He  found  that  when  a  liquid  containing  0'308  per 
cent.  Co  and  0*4156  per  cent.  Mn  was  treated  with  lead  peroxide  at 
ordinary  temperatures,  the  resulting  liquid  contained  0*3638  per 
cent.  Co  and  0*00076  per  cent.  Mn.  The  two  metals  were  present 
as  sulphates.  Further  he  found  that  manganese  peroxide  would  pre- 
cipitate alumina.     Iron,  he  showed,  was  thrown  down  as  basic  salt. 

The  liquid  (preferably  a  solution  of  sulphates)  is  first  freed  from 
any  copper  it  contains,  and  then  well  mixed  with  the  calculated 
quantity  of  peroxide  of  lead.  In  case  iron  is  present  in  great  quan- 
tity it  is  precipitated  beforehand  by  an  alkali  (or  alkaline  earth) 
carbonate,  and  a  large  proportion  of  manganese,  if  present,  is  got 
rid  of  by  fractional  precipitation  with  a  soluble  alkali  or  alkaline 
earthy  sulphide. 

The  precipitate  produced  by  lead  peroxide,  which  consists  of 
hydrated  peroxide  of  manganese,  alumina,  basic  ferric  sulphate,  and 
lead  sulphate,  is  to  be  brought  into  solution  (all  but  the  lead)  by 

»  Schoneifl,  Berg-  und  HiUtenm,  Ztg.,  1890,  p.  453  ;  Chemiker  Ztg.,  1890,  p.  1475  ; 
Zeit8chr,  angexo.  Chem.,  1890,  p.  337. 

»  Ger.  Pat.,  Kl.  40,  No.  72579,  August  5,  1892. 
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Hulphuric  or  hydrochloric  acid,  and  the  residue  of  lead  sulphate 
worked  up  again  into  peroxide.  This  method  does  not  appear  {*> 
have  been  used  on  the  large  scale. 

Vortmann^  proposed  to  obtain  cobaltic  oxide  or  hydrate  from 
solutions  containing  cobalt  and  nickel,  by  electrolysis.  If  a  current 
is  passed  through  solutions  of  these  metals  containing  no  alkali  sul- 
phates or  other  neutral  salts  of  the  alkalies,  cobaltous  and  nickelous 
hydrates  or  basic  salts  of  both  come  down  at  the  cathode.  If  the 
current  is  reversed  the  nickelous  hydrate  (or  corresponding  basic  salt) 
dissolves,  but  not  that  of  cobalt,  which  is  oxidised  to  cobaltic  hydratt* 
instead.  On  restoring  the  current  to  its  original  direction  more  of 
each  lower  hydrate  is  produced,  and  on  again  reversing  the  current 
the  nickel  is  dissolved.  In  this  way,  finally,  all  the  cobalt  is  pre- 
cipitated as  hydrate  and  all  the  nickel  remains  in  solution.  If  there 
is  a  small  quantity  of  a  phloride  present  in  the  liquid  (say  1  per  c(*nt. 
common  salt),  the  cobaltous  hydrate  is  very  quickly  oxidised  to  the 
higher  compound  by  the  small  amount  of  fi^e  chlorine  or  h>p>- 
chlorous  acid  set  free.  In  this  case  the  constant  change  of  current 
is  unnecessary. 

The  separation  of  cobalt  is  assisted  by  gentle  warming.  After  it 
is  completed,  the  current  is  stopped  and  the  liquid  heated  to  60"  or 
70°,  whereby  any  small  quantity  of  nickelic  hydrate  remaining  in  the 
cobalt  compound  is  dissolved  away.  The  solution  of  nickel  when 
filtered  contains  no  cobalt.  Vortmann*s  assumption  that  nickel  and 
cobalt  salts  behave  in  this  way  on  electrolysis  does  not  always  hold. 
The  process  has  probably  never  come  into  use. 

Coehn  and  Salomon's  proposal  *  is  to  electrolyse  mixed  cobalt 
and  nickel  solutions  so  that  peroxide  of  cobalt  is  deposited  at  the 
anode  and  nickel  remains  in  solution,  both  nickel  and  cobalt  being 
prevented  from  becoming  deposited  at  the  cathode  by  the  addition  of 
a  copper  salt  to  the  electrolyte,  the  copper  of  which  is  precipitattJ 
on  the  cathode.  It  is  not  known  whether  this  method  has  found 
application. 

Another  method'  of  theirs  is  to  precipitate  the  cobalt  by 
ammonium  or  some  metallic  persulphate,  the  latter  being  prepaml 
electrolytically. 

The  metallic  cobalt  used  by  Winkler  for  atomic  weight  determina- 
tions  was   prepared   by   BischofF  and   Tiemann  as   follows*:— ^ The 

'   (ier.  Pat,  No.  78236,  May  10,  1804. 

a  (ier.  Pat,  March  4,  1898,  No.  102370. 

»  Ger.  Pat.,  No.  110615. 

*  Zeit^chr.  far.  liiorg.  Cktmit^  vol.  viii.,  1895. 
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electrolyte  consisted  in  the  first  seven  experiments  of  100  c.c.  of  a  solu- 
tion of  cobalt  sulphate  (containing  1'164  per  cent,  of  cobalt),  30 
gmnis  of  ammonium  sulphate,  30  grams  of  ammonium  solution  of 
density  0*905,  and  100  c.c.  of  water.  Both  anodes  and  cathodes  were 
of  platinum  foil.  The  tension  was  3  volts,  the  current  strength 
0*7  amp6re,  and  the  current  density  Dioo  =  0'6  ampire.  On  heating 
the  deposit  in  hydrogen  it  lost  0-23  per  cent,  in  weight,  and  must 
thus  have  contained  0*32  per  cent,  of  cobalt  oxide.  In  later  experi- 
ments the  electrolyte  was  made  up  of  250  c.c.  of  the  same  solution  of 
cobalt  sulphate,  30  grams  of  ammonium  sulphate,  50  grams  of 
ammonium  solution  of  the  above  density,  and  250  c.c.  of  water. 
The  anode  was  of  platinum  foil,  the  cathode  of  polished  sheet  nickel. 
The  current  strength  was  08  ampere,  the  tension  3  volts,  and  the 
current  density  Dj^  =  0*6  ampere.  On  heating  the  deposited  cobalt 
in  hydrogen,  it  lost  015  per  cent,  and  must  thus  have  contained  0'21 
per  cent,  of  cobalt  oxide.  The  metal  after  heating  was  of  a  bluish- 
white  colour. 

B.  THE  EXTRACTION  OF  METALLIC  COBALT 

This  is  achieved  by  the  reduction  of  the  sesquioxide  with  carbon- 
aceous bodies  and  is  carried  on  exactly  in  the  same  way  as  the  reduc- 
tion of  nickel  from  its  monoxide. 

The  melted  cobalt,  free  from  carbon,  can  be  cast  into  plates, 
which  may  be  rolled  when  hot.  The  addition  of  a  trace  of  magnesium 
(0*1  per  cent.)  assists  the  production  of  a  compact  and  tenacious 
casting. 

A  patent  ^  is  in  use  at  the  Berndorf  works  in  Lower  Austria  for 
the  production  of  cobalt  which  is  malleable  and  can  be  forged.  The 
oxide  is  used  in  the  form  of  powder ;  it  is  mixed  with  a  4  per  cent, 
solution  of  alkaline  permanganate,  dried  and  smelted  in  a  blast  furnace, 
which  gives  cobalt  containing  a  trace  of  manganese.  The  manganese 
compound  renders  the  gaseous  carbon  compounds  innocuous  by 
oxidising  them,  A  little  is  reduced  and  the  manganese  absorbed  by 
the  cobalt.  (Carbon,  which  is  taken  up  by  cobalt  to  the  extent 
of  4  per  cent.,  makes  it  hard  and  brittle.) 

2.   THE   PRODUCTION   OF   SMALT 

Smalt  is  a  potash  glass  highly  silicated  and  coloured  blue  by 
cobalt  monoxide.  Various  qualities,  classified  according  to  shade  and 
fineness  of  grain,  are  found  in  commerce.     It  contains  usually  a 

1  Ger.  Pat.,  No.  28989. 
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certain  quantity  of  water-glass  and  also  minute  quantities  of  arsenic 
or  arsenious  acid.  According  to  Ludwig^  the  colour  may  be  injured 
in  purity  and  strength  by  the  presence  of  certain  metallic  oxides. 
Accoi-ding  to  his  researches  baryta  deepens  the  colour  somewhat,  but 
gives  it  an  indigo-blue  tinge.  Soda,  lime,  and  magnesia  diminish 
the  colour  in  a  marked  degree,  and  give  it  a  reddish  shade.  Alumina 
does  not  affect  the  purity  of  the  colour,  but  diminishes  its  intensity. 
Nickel  monoxide  gives  the  glass  a  red  colour  if  it  is  in  small  quan- 
tities ;  a  large  amount  gives  a  violet-brown  tint ;  ferrous  oxide  gives 
a  shade  varying  from  brown  to  green.  Manganic  oxide  gives  violet, 
cupric  oxide  green,  cuprous  oxide  red  shades.  Ferric  oxide,  raan- 
ganous  oxide,  lead  and  bismuth  oxides  are  harmless  if  not  in  too 
great  quantities.  The  quantity  of  cobalt  in  the  smalt  varies  with 
its  depth  of  colour  from  1*95  to  18  per  cent. 

Smalt  is  manufactured  by  melting  together  in  proper  proportions 
cobaltic  oxide,  quartz,  and  potash. 

The  oxide  is  generally  made  direct  from  the  ores  by  roasting, 
unless  it  is  made  by  a  wet  method.  If  the  ores  to  be  roasted  contain 
arsenical  or  sulph-arsenical  compounds  of  cobalt,  the  roasting 
furnaces  (reverberatory  or  muffle  furnaces)  must  be  provided  with 
condensers  to  arrest  the  arsenious  acid  set  free. 

The  roasting  should  be  carried  on  so  that  the  cobalt  in  the  ore 
is  converted  into  sesquioxide.  If  a  considerable  amount  of  iron  or 
nickel  is  present,  a  certain  amount  of  metallic  arsenide  is  purposely 
left  undecomposed  to  separate  those  metals  in  a  speiss  during  the 
smelting  process.  But  if  the  roasting  is  terminated  too  soon,  cobalt 
will  remain  combined  with  arsenic,  and  pass  into  the  speiss.  A 
small  quantity  thus  lost  need  not  be  regretted  bs  it  ensures  the 
absence  of  nickel  in  the  smalt.  If  iron  is  in  the  ore  there  is  also 
advantage  in  keeping  back  a  little  arsenious  acid  in  the  roaste*! 
product,  as  during  the  smelting  this  will  convert  ferrous  oxide  int^> 
the  much  less  injurious  ferric  oxide. 

Silica  is  used  in  the  form  of  pure  ground  quartz.  To  obtain 
this  lumps  of  quartz  are  ignited,  dropped  into  water  so  as  to  render 
them  brittle,  and  then  stamped.  The  pulverised  quartz  is  finally 
washed  to  get  rid  of  any  foreign  matter. 

The  potash  must  be  pure  and  calcined,  and  must  be  finee  from 
soda  and  alkaline  earths. 

The  ore,  the  quartz,  and  the  potash  are  most  intimately  mixed 
in  accurate  proportions,  either  ascertained  by  experience  or  dis- 
covered by  preliminaiy  trials,  and  then  put  into  the  cnicibles  of  the 

*  ErdmaniCmJoitni,  pr,  Chem,,  vol.  li.,  p.  129. 
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smalt  furnace.  If  there  is  not  arsenious  acid  enough  in  the  ore  to 
oxidise  the  ferrous  oxide,  the  requisite  amount  is  added  to  the 
charge. 

The  smelting  crucibles  or  pots  are  made  of  fire-clay,  and  vary  in 
size  in  different  works. 


Fio.  485. 


Fkj.  480. 


At  the  Saxony  smalt  works  a  pot  holds  about  1  cwt.  of  the 
mixture,  and  there  are  8  pots  in  a  furnace. 

The  arrangement  of  a  furnace  for  6  pots  is  shown  in  Figs  485 
and  486. 

On  the  bottom  of  the  dome-shaped  heating  chamber  T,  the  pots 
t,  t,  are  placed  on  tiles  round  an  opening  z^  through  which  the  flame 
ascends  from  the  two  hearths  U,  E,  below.     The  smoke  and  gases 


768  METALLURGY 

after  circulating  round  the  pots,  pass  away  through  the  openings  ni,M, 
which  are  also  working  doors.  The  pots  are  put  in  and  taken  out 
through  the  openings  v,  which  are  bricked  up  during  heating.  X  is 
the  ashpit,  H  the  floor  level  of  the  works. 

During  the  fusion  cobalt  sesquioxide,  silica,  and  the  potassium 
of  the  potash  unite  into  a  glass,  the  smalt,  while  nickel,  iron,  and 
copper  unite  with  the  arsenic  into  a  speiss.  Bismuth,  if  present, 
separates  with  the  speiss.  If  copper  is  present  as  oxide,  it  yields  its 
oxygen  to  the  readily  oxidisable  metals,  and  is  also  found  in  the 
speiss. 

The  speiss  and  any  bismuth  present  are  found  at  the  bottom  of 
the  pot,  the  cobalt  glass  above.  While  fusing,  the  mass  is  stirred 
up  from  time  to  time.  Finally  the  molten  mass  is  allowed  to  stand 
quiet  for  a  while  for  the  two  layers  to  separate  completely.  Then 
the  glass  is  lifted  out  with  a  ladle,  and  poured  into  cold  water,  to  be 
ready  for  powdering. 

The  length  of  the  operation  varies  from  8  to  16  hours  according 
to  the  charge  and  the  quality  of  the  glass  to  be  obtained. 

On  account  of  the  purity  of  the  speiss  it  is  a  suitable  material  for 
the  recovery  of  nickel.  If  the  ore  contains  bismuth,  large  quantities 
of  this  metal  are  mixed  with  the  speiss.  It  is  obtained  by  liquation 
before  working  up  for  nickel. 

After  being  throi^Ti  into  water,  the  glass  is  stamped,  sieved, 
jigged  to  free  it  from  any  intermixed  speiss,  and  then  ground  wet 
in  mills.  The  mud  is  sent  through  a  series  of  washing  \&t» 
in  which  the  glass  powder  is  deposited  according  to  the  size  of  it.'^ 
granules.  In  the  first  is  the  coarse  powder,  called  **  Straihlau." 
This  is  ground  again  with  glass  of  the  same  depth  of  colour  Aft^r 
this  is  removed,  the  mud  is  run  into  a  second  wash  vessel,  in  which 
the  pigment  proper  is  deposited.  Next,  the  liquid,  still  contiiining 
suspended  particles,  is  run  into  a  third  vessel,  where  it  stands  till 
clear.  At  the  bottom  of  this  the  finest  powder  is  found,  the  so-calltni 
"  JEschel"  The  pigment  and  the  E^hel  are  washed  several  times,  and 
the  wash-water  collected  in  a  tank  in  which  the  so-called  "  tank- 
eschel "  is  deposited. 

The  pigment  is  now  put  into  hot  drying  chambers,  or  dried  in 
the  open  air  in  the  "  drying-houses." 

It  is  only  known  as  smalt  after  this  drying  process.  During  all 
this  treatment  it  has  lost  some  part  of  any  soluble  constituents, 
but  from  0*75  to  1  25  per  cent,  of  water-glass  remains.  It  has  a 
dull  appearance  if  the  percentage  is  too  high.  It  forms 'a  plastic 
maas   when    mixed    with    water.      If    left    in    contact   with   water 
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too  long  it  loses  its  fine  colour  and  becomes  grey-blue  to  dirty 
green. 

Smalt  is  classified  by  the  size  of  the  grains,  as  well  as  by  its  con- 
tent of  cobalt.     Letters  are  used  to  distinguish  both  the  qualities : — 

ClaasificatioQ  by  size.  Classification  by  content  of  Cobalt. 

C  (colour,  pigment).  F  (fine). 

E  (eschel).  M  (medium). 

B  (Bohemian,  t.e.,  of  medium  coarseness  O  (ordinary). 

from  002  to  004  inch  diam.). 
H  (high,  t.e.  largest  size). 
S  is  used  to  distinguish  unsieved  pigment. 
G  is  used  to  distinguish  sieved  pigment. 

These  letters  are  combined  to  distinguish  quality ;  the  following 
are  examples  of  their  use : — 

FC  =  Fine  colour.  FOB  =  Fine  Bohemian  colour.  ME  =  medium 
eschel.  OCB  =  ordinary  Bohemian  colour.  Smalts  which  contain 
more  cobalt  than  the  F  quality  are  distinguished  by  doubling  the 
letter  F,  and  qualities  poorer  in  cobalt  than  the  OC  qualities  are  dis- 
tinguished by  the  use  of  indices,  e.g.  OC^  {i,e.  containing  half  the 
cobalt  in  the  OC  quality) ;  OC*  (i.e.  containing  a  quarter  of  that 
quantity). 

Ludwig  has  given  the  following  analysis  of  smalts;  (1)  a  coarse 

colour  from  Modum,  (2)  a  German  coarse  eschel,  and  (3)  a  German 

coarse  pale  colour. 

I.  ir.  III. 

SiO, 70-86  66-20  72-12 

AlA 0-43  0-64                  1-80 

FeO 0-24  1-36                  1-40 

CaO —                    —                    1-92 

CoO 6-49  6-75                  195 

K,0 21-41  16-31  20  04 

Ni —                     —                   trace 

AsoOj trace  —                   0078 

00. —  0-25                 0-46 

H^O 0-57  0  67  trace 

By  Zaffre  or  Safflor  is  understood  a  mixture  of  roasted  cobalt  ore 
and  powdered  quartz,  which  when  melted  with  potash  will  yield  blue 
glass.     This  is  also  an  article  of  commerce. 


3.   THE  MANUFACTURE  OF  OTHER   COBALT   COMPOUNDS 

Among  these  may  be  noticed : — 

Cobalt  phosphate  and  arseniate,  which  are  known  in  commerce 

as  red  oxide  of  cobalt ;  cobalt  bronze,  a  cobalt-ammonium  phosphate  which 

produces   a   metallic   tinsel;    cobalt-ultramarine    or    Thenard*8  hlue^ 

which  is  a  molecular  mixture  of  alumina  and  an  oxide  of  cobalt,  and 
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ziTic  green,  or  Binmann's  green,  or  green  cinnabar,  a  compound  of  zinc 
and  cobaltous  oxide. 

Cobalt-ultramarine  is  made  by  treating  a  solution  contaming 
3  parts  alumina  and  1  part  cobalt  monoxide  with  an  alkaline  car- 
bonate ;  or  by  igniting  a  mixture  of  alum  and  cobalt  sulphate  until 
the  whole  of  the  sulphuric  acid  has  been  got  rid  of.  It  may  also  be 
obtained  by  treating  solutions  of  cobalt  nitrate  with  potassium  phos- 
phate, collecting  the  precipitate,  mixing  it  with  three  times  its 
volume  of  aluminium  hydroxide  (freshly  precipitated  by  sodium  car- 
bonate from  alum  solution)  and  heating  and  drying  this  mixture. 

Binmann's  green  may  be  made  by  treating  a  solution  of  1  part 
cobaltous  chloride  and  5  parts  zinc  chloride  with  potassium  carbon- 
ate, washing,  drying,  and  igniting  the  precipitate  obtained.  Another 
method  consists  in  igniting  a  mixture  of  blue  cobalt  chloride  with 
zinc  white  until  no  more  zinc  chloride  volatilises.  Another  is  to 
treat  a  solution  of  zinc  and  cobalt  sulphates  with  sodium  carbonate, 
wash  and  ignite  the  precipitate.  It  is  also  prepared  by  evaporating 
to  dryness  a  solution  of  zinc  and  cobalt  nitrates  and  igniting  the 
residue.  Or  lastly,  by  mixing  cobalt  nitrate  solution  with  zinc  oxide, 
evaporating  to  dryness,  and  igniting  the  residue. 

In  all  these  cases  the  colour  may  be  spoiled,  and  turned  grey  by 
allowing  the  temperature  to  rise  too  high  during  ignition. 


PLATINUM 

Physical  Properties 

Platinum  has  an  almost  silver- white  lustre  and  a  hackly  fracture. 
It  is  ductile  and  malleable  in  a  very  high  degree.  Its  hardness  is 
equal  to  that  of  copper :  its  tenacity  lies  between  those  of  gold  and 
copper. 

Its  specific  gravity  is,  according  to  Deville  and  Debray,  from 
21*48  to  21*50  at  17*6°  C. ;  by  the  addition  of  a  certain  quantity  of 
iridium  it  rises  to  218.  It  crystallises  in  the  regular  system.  It 
can  be  welded  at  a  white  heat,  and  melts  in  the  oxy-hydrogen  jet 
at  about  ITTS**  (VioUe),  or  according  to  earlier  statements  at  about 
2000^  If  combined  with  carbon  and  silicon  it  will  melt  at  a  lower 
temperature. 

The  question  of  the  volatility  of  platinum  at  higher  temperatures 
has  not  yet  been  decided  with  certainty.  It  is  well  known  that  when 
quite  pure  it  may  be  heated  far  above  its  melting  point  in  the 
oxy-hydrogen  blast,  without  any  loss  whatever  by  volatilisation. 
But  it  has  been  proved  to  be  volatile  when  combined  with  silicon 
or  carbon.  Further,  it  is  volatile  in  the  presence  of  chlorine  and 
osmium. 

If  quickly  cooled,  molten  platinum  is  said  to  spit  in  the  same 
way  as  silver.  According  to  Herseus  the  spitting  occurs  only  when 
oxygen  is  forced  into  the  molten  metal.  According  to  Aubel  the 
cause  of  the  spitting  is  that  the  surface  of  the  metal  is  contracted 
by  a  quick  cooling,  and  the  liquid  portions  underneath  are  forced 
out  and  burst  through  this  cover. 

At  a  high  temperature  platinum  is  permeable  by  hydrogen. 
Under  the  same  conditions  oxygen,  chlorine,  hydrochloric  acid,  carbon 
monoxide  and  dioxide,  and  steam  will  not  pass  through.  It  is  per- 
meable by  nitrogen  in  small  quantities,  but  only  in  the  presence  of 
hydrogen.  The  red-hot  metal  has  the  property  of  absorbing  con- 
siderable quantities  of  hydrogen,  and  of  retaining  it  on  being  cooled. 
The  hydrogen  is  removed  by  heating  the  metal  in  a  vacuum. 

3  D  2 
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Finely  divided  platinum  (platinum  black,  spongy  platinum)  has 
the  property  of  condensing  gases,  especially  oxygen,  on  its  surface. 

Its  ductility  is  considerably  lessened  by  the  presence  of  small 
quantities  of  the  other  platinum  metals  (which  are  found  with  it  in 
nature),  such  as  iridium,  osmium,  palladium,  rhodium,  ruthenium. 
On  the  other  hand  iridium  makes  platinum  harder,  and  less  easily 
attacked  by  chemical  agents.  Silicon  even  in  a  very  small  quantity 
(one  three-thousandth  part)  makes  platinum  brittle  and  hard. 

Chemical  Reactions  of  Platinum  and  of  its  Compounds 
that  are  of  importance  in  its  extraction. 

Platinum  is  unalterable  in  air  at  all  temperatures.  In  the  pure 
state  it  is  not  attacked  by  sulphuric,  nitric,  or  hydrochloric  acid,  cold 
or  hot.  But  if  it  is  impure  or  alloyed  with  other  metals,  it  will  he 
more  or  less  acted  on  by  acids.  For  instance,  from  its  alloys  con- 
taining silver,  copper,  lead,  bismuth,  and  zinc  it  dissolves  in  nitric 
acid,  forming  platinic  nitrate.  According  to  Roessler^  when  platinum 
is  alloyed  with  silver,  it  becomes  considerably  soluble  in  nitric  acid 
and  the  residue  after  treatment  with  the  acid  is  not  metallic  platinum, 
but  rather  an  oxide  which  is  soluble  in  hydrochloric  acid.  The  platinum 
(and  part  of  the  gold)  contained  in  the  anode  slimes  from  the 
Moebius  parting  process  (see  vol.  i.,  p.  1077)  are  also  present  as 
compounds  with  oxygen  (and  nitrogen)  soluble  in  hydrochloric  acid. 
Platinum  is  slowly  dissolved  by  aqua  regia  to  form  platinic  chloride, 
and  much  more  quickly  under  increased  pressure. 

Perfectly  dry  chlorine  does  not  affect  platinum  at  the  ordinan* 
temperature,  but  acts  readily  at  a  higher  temperature.  Platinum 
sponge  is  converted  into  the  lower  chloride  at  about  250°  C.  Solutions 
of  chlorine,  like  aqua  regia,  act  on  it  slowly  at  ordinary  pressures, 
rapidly  at  higher  pressures.  Ferric  chloride  seems  to  dissolve 
platinum.  There  are  two  chlorides,  platinous  chloride  PtClj,  and 
platinic  chloride,  PtCl^.  Bromine  does  not  attack  it :  but  a  mixture 
of  bromide  or  hydrobromic  acid  with  nitric  acid  acts  readily. 

It  is  oxidised  by  fused  alkali,  in  the  presence  of  air,  and  also  by 
heating  with  alkali  nitrates.     There  are  two  oxides,  PtO  and  PtO^. 

When  sulphur  is  heated  with  finely  divided  platinum  in  a  glass 
tube  in  a  vacuum,  the  two  substances  combine  readily  to  form  the 
monosulphide  PtS.  If  heated  to  redness  in  the  air  this  compound 
decomposes,  and  platinum  metal  remains.  Another  sulphide,  platinum 
disulphide,  PtSg,  is  obtained  by  melting  platinum  >vith  sulphur  and 
1  ChemikfT  Zeitg,,  August  29,  1900. 
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an  alkali,  or  by  melting  the  double  chloride  of  platinum  and 
ammonium  with  sulphur.  This  disulphide  dissolves  in  alkaline 
sulphides. 

Silicon  combines  with  platinum  if  the  latter  is  heated  with  carbon 
and  silica,  or  if  heated  with  carbon  alone  in  a  clay  crucible.  By 
melting  platinum  with  silicon,  Winkler  obtained  the  compounds 
PtSij  and  PtgSi.  They  are  brittle  and  hard,  and  lose  their  silicon  at 
very  high  temperatures. 

Platinum  combines  with  phosphorus  at  a  red  heat. 

Metallic  platinum  is  deposited  from  all  its  salts  when  they  are 
heated  to  redness.  If  a  solution  of  the  chloride  is  treated  with 
organic  substances  such  as  alcohol,  or  with  magnesium,  zinc,  or  iron, 
platinum  separates  in  the  form  of  a  black  powder  known  as  platinum 
black. 

Potassium  and  ammonium  chlorides  give  with  a  solution  of 
platinum  chloride  precipitates  of  the  respective  double  chlorides. 
When  these  are  heated,  metallic  platinum  is  left  in  a  spongy  form. 
If  it  is  the  potassium-platinum  chloride  that  is  heated,  potassium 
chloride  is  left  behind  as  well  as  the  metal. 

Platinum  alloys  with  a  large  number  of  metals ;  for  instance, 
with  iridium,  osmium,  palladium,  rhodium,  ruthenium,  gold,  silver, 
copper,  iron,  lead. 

Compact  platinum  does  not  amalgamate  with  mercury  in  the  cold. 
When  heated  it  forms  a  slight  coating  of  mercury  which  is  easily 
wiped  oflF.  However,  spongy  platinum  takes  up  mercury  when  the 
two  are  rubbed  together  and  gently  warmed  with  the  addition  of 
slightly  acidified  water. 

Since  the  platinum  found  in  nature  is  compact,  it  can  be  separated 
by  mercury  from  native  gold. 

If  platinum  is  melted  with  lead  a  brittle  alloy  is  obtained,  from 
which  lead  may  be  driven  off  by  cupellation.  If  the  alloy  is 
powdered  and  exposed  to  moist  air  containing  carbon  dioxide, 
the  excess  of  lead  will  be  oxidised  away  as  white  lead,  until  just 
enough  is  left  for  the  alloy  Pfc  +  Pb,  which  remains.  This  is  easily 
decomposed  by  heating  with  mineral  acids.  Thus  it  is  possible  to 
collect  platinum  by  melting  it  in  lead,  and  then  removing  the  lead 
by  cupelling. 

Ores  of  Platinum 

Platinum. is  found  in  the  native  condition,  and  combined  with 
arsenic,  as  the  mineral  sperrylite.  Only  native  platinum  is  used  as  a 
source  of  the  metal 
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Native  platinum  is  usually  alloyed  with  the  metals  known  as  the 
platinum  group,  namely,  iridium,  osmium,  rhodium,  palladium, 
ruthenium,  and  .also  with  iron  and  some  copper.  As  much  as  27*8 
per  cent,  of  iridium  has  been  found  in  specimens  of  platinum,  and  19 
per  cent,  of  iron. 

Platinum  is  found  most  usually  in  beds  of  gravel  and  sand  which 
have  been  foraned  by  the  wearing  away  of  the  original  deposits 
containing  the  metal.  In  such  secondary  deposits  known  as 
"  alluvials  "  or  "  placers,"  it  is  found  like  gold  in  grains  and  flakes, 
more  rarely  in  nuggets.  The  chief  impurities  are  serpentine,  quartz, 
zircon,  spinel,  corundum,  titanic,  chrome,  and  magnetic  iron  ores, 
gold,  and  osmiridium.  The  largest  lump  of  platinum  found  up  till 
now  in  the  "  alluvials  "  of  the  Ural  Mountains  is  in  the  Demidoff 
Museum  at  St.  Petersburg,  and  weighs  21*64  lbs. 

The  most  important  sources  of  native  platinum  are  in  Russia, 
which  country  produces  far  more  of  this  metal  than  any  other. 
Platinum  is  found  there  in  the  middle  Urals  between  SV^'SO'  and 
59°30'  northern  latitude,  also  in  a  tract  of  country  80  miles  long  in 
Perm  and  in  the  province  of  Ekaterinburg.  The  richest  districts 
are  those  of  Goroblagodat  and  Nischni-Tagilsk,  where  the  deposits 
are  alluvial  and  are  found  in  the  valleys  of  small  streams  and  along 
the  scarped  hill-sides.  The  alluvials  of  Goroblagodat  lie  entirely  on 
the  Asiatic  side  of  the  Urals,  and  are  found  in  the  bed  of  the  Iss 
(flowing  into  the  Tura)  and  its  tributary  bums.  They  belong  to 
Count  Schuwaloff  and  a  number  of  companies.  The  placers  of  the 
Nischni-Tagilsk  district  are  chiefly  on  the  European  side  of  the 
Urals  in  the  river  systems  of  the  Vissim  and  Martian.  They  belong 
exclusively  to  the  Demidoff  family. 

The  thickness  of  the  placers  proper  averages  3  feet  6  inches,  the 
cover  16  feet.  Above  this  there  is  often  a  layer  of  peat.  The  con- 
stituents of  the  deposits  are  diorite,  gabbro,  diallage,  olivine,  diorite 
porphyry,  pyi-oxene  porphyry,  serpentine  and  quartzite.  Tho 
platinum  comes  from  the  basic  rocks,  which  are  rich  in  magncsiji. 
It  was  found  in  serpentine  rock  in  1892  by  Innostranzeff.  It  occurs 
without  gold  only  in  three  deposits  in  the  Tura  system.  All  the 
other  deposits  in  the  Urals  contain  gold  as  well  as  platinum,  the  ratit) 
being  1  :  6*5  on  Demidoff*s  property,  and  1  :  31  on  Schuwaloff s. 
In  recent  years  the  platinum  content  of  the  deposits  has  decrease*!, 
due  to  the  fact  that  the  richer  beds  in  the  smaller  streams  were 
worked  formerly  when  the  price  of  platinum  was  low,  but  now  that 
prices  are  high,  the  tailings  from  the  richer  deposits  and  the  placers 
in    the    larger    valleys    are   being   treated.       In   the   province  oi 
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Goroblagodat  the  richer  sands  still  contained  31 '103  grains  per  ton 
of  platinum  in  1870,  during  the  decade  from  1870  to  1880  15*55 
grains  per  ton.  In  1887  the  platinum  content  of  all  the  placers 
varied  between  3  and  19  grains  per  ton ;  on  the  average  3*5.  In 
1894  and  1895  deposits  with  three  grains  per  ton  could  be  worked 
with  profit,  and  at  the  high  prices  now  ruling  |  grain  per  ton  is 
suflScient  to  cover  the  costs  of  working.^  Other  localities  for  platinum 
are  Spain,  Ireland  (co.  Wicklow),  Norway  (Arendal),  South  America 
(the  provinces  Choco  and  Barbacoas  in  the  Republic  of  New  Granada, 
Minas  Geraes,  and  Matto  Grosso  in  Brazil),  North  America  (British 
Columbia,  California,  especially  Trinity  and  Shasta  Co.,  Oregon, 
North  Carolina,  Canada,  Mexico,  San  Domingo,  Hayti),  Borneo, 
East  Indies,  Lapland,  Australia  (Fifield,  New  South  Wales),  New 
Zealand.  Platinum  to  the  extent  of  00004  per  cent,  has  been  found 
in  the  sand  of  the  Rhine  by  HopflF  and  Dobereiner. 

The  alluvial  soil  or  sand  containing  platinum  is  washed,  and  any 
gold  present  in  the  residue  removed  by  treatment  with  mercury. 
In  this  condition  it  is  sent  to  the  platinum  works  for  further 
treatment. 

The  composition  of  the  platinum  thus  obtained,  the  so-called  crude 
platinum,  will  be  seen  in  the  following  analyses : — 


•Russian  platinum 


Pt.  .  . 
Ir  .  .  . 
Ob.  .  . 
Pd  .  . 
Rh  .  . 
Fe,  .  . 
Cu.  .  . 
Os-Ir  . 
Chromite. 
Ru  . 
An    . 
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80-87 
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tr. 
1-30 
4-44 

10-82 
2-80 
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II. 

71-20 
2-43 
0-05 
11)5 
1-50 
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IV. 
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0-05 
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v. 
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0-90 
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X. 
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XI. 
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— 
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1-41 

— 

0-50 

7-80 

5-80 

0-60 

0-34 

0-95 

8-86 

1-40 

__ 

0-95 
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Sperrylite,  PtAsg,  is  found  in  the  copper  and  nickel  bearing 
magnetic  pyrites  at  the  Vermilion  Mine,  Sudbury,  in  Canada.  It 
has  also  been  found  recently  in  the  copper  ores  at  Rambler 
Mine,  Albany  Co.,  Wyoming,*  associated  with  covellite,  one  sample 


1  The  Min,  Ind,,  1898,  p.  541.     Min.  and  Set.  Press,  September  10,  1898, 
^  Ckem.  CeiUralhlatty  1877,  p.  287.  '  Loc.  cit, 

4  The  Min,  Ind,,  1901,  p.  53^, 
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containing  12  ounces  per  ton.      The  average  composition   of  the 
ores  is  ^ : — 

Au  .  .  .  0-16-019  ounces  per  ton 

Ag  .  .  .  3-8-  4-72 

Pt  .  .  .  0-69-0-74 

Pd  .  .  .  1-8-  1-9 

The  copper  matte  prepared  from  these  ores  contained : — 


Au    . 

.     .     0'40-0"46  ounces  per  ton 

Ag    .    , 

.     .     7-40-7-46 

Pt     .    , 

,     .     0-99-105 

Pd     . 

.     .     315-3-25 

Sperrylite  has  also  been  found  in  the  sands  of  Ck)wer  Creek, 
Macon  Co.,  N.C. 

Besides  occurring  native,  or  in  alloys,  platinum  is  found  in  very 
small  quantities  in  fahl-ores,  zinc  blendes,  lead,  silver  and  uranium 
ores,  and  in  various  rocks.  For  instance,  Rossler  has  found  0*0058 
per  cent,  of  platinum  in  the  BlicksUber  of  Commem  and  Mechemich. 


The  Extraction  of  Platinum 

The  extraction  on  the  large  scale  is  preceded  by  a  concentration 
of  the  ore  by  washing.  If  gold  is  present  it  is  concentrated  with  the 
platinum  by  the  same  process.  Gold  is  removed  from  the  residue  by 
mercury,  which  amalgamates  with  this  metal  and  does  not  affect 
platinum. 

In  Russia  the  washing  is  done  in  summer,  sluices  being  cut 
where  water  is  plentiful.  These  are  similar  in  construction  to, 
though  smaller  than,  the  sluices  used  in  California  for  the  hydraulic 
mining  of  gold.  Washing  is  then  carried  out  chiefly  by  hand, 
sometimes  by  machines. 

Washing  machines  with  stirring  arrangements  are  used  fur 
clayey  ores.  The  construction  of  these  is  shown  in  Fig.  487.  The 
lower  part  is  conical  in  shape  and  made  of  cast  iron,  the  upper  part 
which  fits  upon  it  is  made  of  wooden  staves ;  it  is  cylindrical  in  form 
and  3  feet  high.  The  bottom  is  perforated  by  holes  0*6  inch  in 
diameter.     Water  is  supplied  in  a  number  of  streams  from  a  circulai* 

»  The  Min.  Lid,,  1903,  p,  527. 
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cast-iron  pipe  perforated  with  holes,  which*  is  placed  at  the  top  of  the 
lower  part  of  the  apparatus.  The  stirring  arrangement  is  in  the 
form  of  an  upright  shaft  with  six  arms,  to  which  are  attached  vertical 
iron  teeth  reaching  to  the  bottom  of  the  apparatus.  The  shaft 
makes  25  revolutions  in  a  minute.     The  coarser  pieces  of  the  ore 


Fio.  487 


which  are  fed  in  remain  in  the  apparatus,  while  the  sands  are  washed 
through  the  perforated  bottom  into  a  trough  and  are  there  further 
washed  as  shown  in  Fig.  488.  The  larger  pieces  of  ore  which  collect 
on  the  bottom  of  the  apparatus  are  removed  at  times  through  a  hole 
in  the  bottom  and  taken  away  in  waggons.  In  this  apparatus  200 
tons  of  lump  ore  can  be  washed  in  24  hours.  The  power  is  supplied 
by  a  steam  engine  of  10  to  15  H.P. 

The  washing  machine  most  used  in  Russia  is  shown  in  Fig.  488. 
It  consists  of  two  cylindrical  sieves  and  washing  troughs.    The  former, 


Fig.  488. 


AA\  are  about  10  feet  long  and  are  perforated  with  holes  about  \  inch 
in  diameter.  They  are  in  a  sloping  position  and  are  supplied  with 
water  at  the  upper  ends.  Sand,  clay,  and  water  pass  through  the 
perforations  into  the  box  B,  while  the  larger  pieces  fall  into  waggons 
at  the  lower  ends  of  the  drums,  and  are  taken  away.  The  bottom  of 
the  box  slopes  at  15°  and  is  divided  lengthwise  by  a  board  partition. 
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It  is  closed  at  the  front  end  by  a  wooden  grid.  Sides  and  bottom 
are  lined  with  sheet  iron,  and  the  bottom  is  covered  with  straw  mats 
held  in  place  by  wooden  strips.  Attached  to  the  box  outside  is  a 
gutter,  Z>,  17  feet  long,  less  inclined  than  the  floor  of  the  box,  and 
with  some  basins  and  transverse  slats  along  the  bottom.  At  the 
lower  end  is  a  gutter,  E,  to  carry  away  the  barren  ore.  Most  of  the 
platinum,  especially  the  larger  grains,  collects  between  the  riffles  on 
the  bottom  of  the  closed  box.  (The  box  is  closed  mainly  to  prevent 
theft.)  Only  a  little  platinum  in  a  finely  divided  form  is  caught 
outside  of  the  box ;  the  quantity  which  escapes  both  box  and  gutter  has 
not  been  determined.  In  12  hours  100  tons  of  ore  are  treated,  five  to 
ten  times  its  volume  of  water  being  requisite.  The  platinum  sand  is 
removed  twice  a  day  fi:om  the  box  after  taking  away  the  slats  and 
opening  the  grid,  and   the  mats  are  also  washed  for  that  purpose. 


Fia.  489.  Fia.  490. 


The  further  concentration  of  this  sand  is  carried  out  in  a  trough  such 
as  is  shown  in  Figs.  489  and  490. 

The  upper  part  of  this,  B,  is  lined  with  sheet  iron.  The  water 
which  enters  at  the  head  flows  first  downwards,  then  rises  over  a 
dam  and  escapes  along  the  bottom  of  the  trough.  The  sand  is 
thrown  in  at  the  head  of  the  trough  and  kept  in  agitation.  The 
greater  part  of  the  platinum  settles  here ;  the  rest,  along  with  the 
barren  ore,  is  washed  away  by  the  water  and  traverses  the  lower  part 
of  the  trough  C,  which  is  15  feet  long.  The  bottom  of  this  is  limnl 
with  washed  turf  held  in  position  by  cross  pieces.  The  turf 
between  these  holds  back  a  portion  of  the  platinum-bearing  sand, 
which  is  recovered  at  intervals  by  removing  the  cross  pieces,  taking 
out  the  turf,  and  beating  and  washing  it  to  remove  the  hean* 
particles.  These  are  then  washed  again  once  or  twice  in  the  samt^ 
apparatus. 

Finally  the  rich  sands,  consisting  of  platinum,  chromite,  and  othf  r 
heavy  minerals  obtained  in  this  way,  are  washed  again  in  the  small 
washing  hearth  shown  in  Fig,  492,     This  consists  of  two  sloping 
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troughs  3  feet  wide,  one  being  placed  below  the  other.  The  sand  is 
charged  in  at  the  head  of  the  trough  and  worked  in  a  stream  of 
water  from  the  upper  to  the  lower  half  by  means  of  the  agitator 
shown  in  Fig.  491.  It  is  then  taken  from  the  trough,  the  gold 
extracted,  and  the  residue  sent  to  market  as  crude  platinum. 

The  gold  is  extracted  from  the  sand  by  rubbing  it  with  quick- 
silver for  half  an  hour  in  a  dish  of  wood,  iron  or  porcelain.  After 
pouring  off  the  amalgam  the  residue  is  treated  again  in  the  same  way 
until  all  the  gold  has  been  dissolved.  Russian  crude  platinum  contains 
on  an  average  75  to  85  per  cent,  of  platinum,  along  with  chromite,  a 
little  iron  alloyed  with  the  platinum,  up  to  5  per  cent,  of  osmium 
and  iridium,  and  other  metals  of  the  platinum  group  like  palladium 
and  ruthenium.     Most   of  the    Russian   platinum  is  exported,  the 


Fios.  491  and  402. 

greater  part  being  taken  by  the  firms  Johnson,  Matthey  and  Co., 
London,  Dementis,  Lemaire  and  Co.,  Paris,  and  Heraeus  and  Co., 
Hanau.  What  is  not  exported  is  refined  at  the  works  of  Kolbe  and 
lindfons,  and  of  Teuteleff,  both  in  St.  Petersburg. 

The  metallurgical  treatment  of  platinum  may  be  conducted  either 
in  the  dry  or  the  wet  way.  The  dry  way  does  not  produce  pure 
platinum,  but  its  alloys  with  iridium  and  rhodium.  The  production 
of  pure  platinum  requires  the  use  of  a  wet  method.  Electrolysis  is 
used  to  separate  metallic  platinum  from  its  alloys  with  gold. 

The  wet  method  is  principally  used. 


EXTRACTION   OF   PLATINUM   IN   THE   DRY   WAY 

Two  methods  have  been  elaborated  by  Deville  and  Debray.^  One 
consists  in  melting  the  ore  in  a  vessel  made  of  lime,  and  repeatedly  re- 
melting  the  button  thus  obtained  :  the  second  method  is  to  melt  the 
ore  with  galena  and  litharge  in  a  reverberatory  furnace,  and  scorify 
the  lead-platinum  alloy  obtained  in  order  to  remove  the  lead.  Lastly 
the  platinum  is  fused  into  an  ingot  in  the  lime  furnace. 

»  Dingier,  vol  J53,  p.  38 ;  vol,  154,  pp.  130,  199,  287,  383  ;  vol.  165,  pp.  198,  205. 
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The  melting  of  the  ore  in  this  lime  vessel,  known  as  the  Deville 
furnace,  is  achieved  with  the  help  of  an  oxy-coal-gas  flame. 

The  arrangement  of  this  method  of  melting  is  shown  in  Fig.  493. 
The  vessel  consists  of  two  halves  formed  out  of  a  hollow  cylindrical 
block  of  calcined  lime.  In  the  hollow  b  the  ore  is  placed,  through 
an  opening  in  the  upper  half,  not  visible  in  the  figure.  This  opening 
is  closed  by  a  lime  stopper  during  the  melting.  A  second  conical 
opening  q  serves  to  admit  the  current  of  gas.  This  latter  is  led  to 
the  opening  through  a  platinum  tube  which  has  a  perforated  tip  at 
its  lower  end.  This  tube  is  attached  at  its  upper  end  to  a  copper 
one,  e.    Through  the  tube  A,  the  coal  gas,  and  through  the  tube  o,  the 

oxygen  are  introduced.  The  pro- 
ducts of  combustion  escape  through 
the  opening  d ;  the  same  opening 
serves  for  pouring  the  molten  raasa 
There  is  a  proper  arrangement  of 
taps  to  both  gas  pipes,  so  as  t«> 
make  the  flame  oxidising  or  re- 
ducing. 

After  a  small  portion  of  the  ore, 
previously  warmed  and  mixed  with 
some  lime,  has  been  put  in  through 
the  opening  mentioned,  it  is  melted 
in  an  oxidising  flame.  Metals  other 
than  the  noble  ores  are  thus  oxidised 
and  form,  with  the  lime  and  any 
gangue  present,  a  slag,  which  is 
absorbed  by  the  lining  of  the  vessel 
Any  volatile  compounds  or  powdery 
substances  escape  with  the  products  of  combustion. 

To  this  molten  mass  ore  is  now  added  in  small  portions  until  the 
lower  part  of  the  cavity  is  filled  with  molten  metal.  It  is  then 
poured  out  and  remelted  in  another  Deville  furnace  with  an  oxidising 
flame,  so  that  again  part  of  the  commoner  metals  are  oxidised  and 
absorbed  by  the  lime.  The  continual  use  of  a  fresh  furnace  is 
rendered  necessary  by  the  decreasing  power  of  absorption  of  the 
lime  for  the  slag.  Finally,  there  is  obtained,  not  pure  platinum, 
but  an  alloy  with  iridium  and  rhodium,  from  which  pure  metal  can 
be  obtained  by  a  wet  method. 

The  second  method  by  Deville  and  Debray  separates  platinum 
from  the  ore  by  the  help  of  lead,  which  alloys  with  platinum  but 
not  with  osmiridium. 


PLATINUM 

For  this  purpose  about  1  cwt.  of  the  crude  platinum  i 
in  a  reducing  flame,  with  the  same  quantity  of  galena,  in  a  sm 
beratory  furnace,  on  a  hearth  composed  of  marl  or  calcium  pi 
about  3  feet  3  inches  long,  6  inches  medium  depth,  and  5 
broad.  The  galena  is  decomposed  by  the  iron  present  in 
a  lead  matte  is  formed  and  metallic  lead  set  free,  whic 
with  platinum.  To  decompose  the  matte  about  2  cwt.  of 
are  added,  the  heat  increased  and  the  whole  covered  wit 
glass.  The  lead  matte  is  reduced  to  lead  by  the  lithf 
again    forms   the    platinum    alloy,  while   sulphur  dioxide 


Fig.  494.  Fio.  495. 


off.  Osmiridium,  which  does  not  alloy  with  lead,  remains 
bottom  of  the  furnace.  After  the  slag  containing  lead  h 
skimmed  off,  the  alloy  is  removed  by  a  cast-iron  ladle.  Th 
part  of  the  bath  containing  the  osmiridium  is  added  in  the  i 
of  another  portion  of  ore,  so  as  to  enrich  it.  Finally,  th  i 
portion  is  poured  out  on  to  a  gently  sloping  surface,  on  wh 
o.smiridium  remains,  while  the  platinum-lead  alloy  runs  away 

The  former  is  removed  to  a  refining  furnace  provided 
blast.  In  proportion  as  the  lead  is  removed  the  temperatu 
be  further  raised.  It  is  not,  however,  possible  to  remove  th( 
of  the  lead  while  the  material  remains  liquid,  as  it  solidifiej^ 
lead  is  still  present. 

The  residue  is  melted  in  the  Devil le  furnace  already  dej 
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in  this  the  lead  and  any  other  volatile  elements  are  volatilised 
away,  and  the  commoner  metals  are  oxidised,  and  passed  into  slag. 
Rhodium  and  iridium  remain  with  platinum.  The  platinum  is 
poured  into  moulds  lined  with  sheets  of  the  metal. 

To  melt  larger  quantities  of  platinum  (more  than  9  lbs.),  the 
vessel  shown  in  Figs.  494  and  495  is  used.  It  consists  of  a  cylinder 
of  sheet-iron  lined  with  lime,  and  with  the  cover  shown  in  Fig.  495. 
A  stream  of  oxy-coal-gas  is  led  through  the  hole  in  this  cover.  The 
vessel  can  be  tipped  to  pour  out  platinum.  In  this  Deville  and 
Debray  melted  about  25  lbs.  of  Russian  coins  with  the  use  of  4*2 
cubic  feet  of  oxygen. 

The  Siemens  electric  furnace,  which  was  expected  to  be  of  great 
service  in  fusing  platinum,  has  not  fulfilled  expectation,  because 
platinum  always  absorbs  carbon  from  the  carbon  electrodes  of  the 
furnace,  and  thus  loses  most  of  the  properties  that  are  of  value  in 
the  arts. 

Up  to  the  present  time  the  dry  method  of  obtaining  platinum 
has  only  been  used  exceptionally. 

EXTRACTION  OF   PLATINUM  BY  WET  METHODS 

This  method  of  extraction  consists  essentially  in  bringing  platinum 
into  solution  with  aqua  regia,  precipitating  from  this  solution 
platinum-ammonium  chloride  by  means  of  ammonium  chloride  and 
ammonia,  and  then  decomposing  this  compound  and  separating 
platinum  at  a  red  heat. 

This  process,  invented  by  Wollaston,  was  formerly  carried  out  with 
slight  variations  at  the  laboratory  of  the  Department  of  Mines  at 
St.  Petersburg.  There  the  ore  was  treated  for  8  or  10  hours  iii  open 
vessels,  on  a  hot  sand-bath,  with  10  or  15  times  its  weight  of  aqua 
regia  (composed  of  3  parts  hydrochloric  acid  at  25°  B.  and  1  part 
nitric  acid  40""  B.).  By  this  means  platinum,  a  portion  of  its  kindred 
metals,  and  baser  metals  were  brought  into  solution,  while  osmiridum 
chiefly,  with  rhodium  and  ruthenium,  and  small  quantities  of  iridium 
and  palladium,  remained  behind  with  the  sandy  residue. 

The  solution  which  contained  besides  platinum,  iridium,  rhodium, 
palladium,  copper,  iron,  and  small  quantities  of  osmium  and  ruthenium, 
was  treated  with  solution  of  sal-ammoniac  in  glass  vessels  to  precipi- 
tate the  platinum  as  double  chloride.  In  this  process  it  was  necessary 
for  the  solution  to  contain  excess  of  acid  to  prevent  a  precipitat-e 
of  iridium  from  coming  down. 

The  precipitate  of  double  chloride  was  washed  and  dried  and 
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strongly  heated  in  platinum  vessels,  whereby  it  is  converted  into 
platinum  sponge.  This  sponge  is  triturated,  sieved,  pressed  together 
in  a  screw  press  with  steel  dies,  and  then  strongly  heated  for 
1 J  days  in  a  porcelain  furnace.  This  red-hot  platinum  was  hammered 
into  bars  or  rolled  into  sheets. 

The  first  part  of  the  wash-water  obtained  in  washing  the  platinum- 
ammonium  chloride  precipitate  was  evaporated  down  to  one-twelfth 
its  original  volume,  when  a  similar  iridium  salt  containing 
platinum  crystallised  out,  and,  on  heating,  yielded  a  platinum- 
iridium  alloy.  The  second  part  of  the  wash-water  was  evaporated 
completely  to  dryness,  heated  to  redness,  and  added  to  a  fresh 
portion  of  ore  when  the  latter  was  treated  with  aqua  regia. 

Since  the  platinum  obtained  in  this  process  was  not  free  from 
iridium,  Dobereiner's^  method  to  obtain  platinum  without  iridium  was 
used.  The  platinoid  metals,  but  not  platinum  itself,  are  precipitated 
by  treating  the  aqua  regia  solution  diluted  to  35°  B.,  with  lime 
water  until  the  reaction  is  only  feebly  acid,  light  being  excluded 
during  the  process.  But  this  process  gave  neither  a  precipitate  of 
the  platinoid  metals  free  from  platinum,  nor  platinum  free  from  them. 

Schneider,^  in  order  to  avoid  the  precipitation  of  iridium  with 
platinum,  treats  the  ore  with  aqua  regia  and  excess  of  hydro- 
chloric acid,  and  evaporates  the  solution  obtained  nearly  to  dryness. 
The  liquid  is  then  diluted  with  water,  treated  with  soda  until  it 
is  fairly  alkaline,  and  boiled  with  alcohol.  The  precipitate  obtained 
is  dissolved  in  hydrochloric  acid.  From  this  solution  platinum  can 
be  precipitated  by  ammonium  chloride  as  the  pure  double  choride. 
By  this  method  iridium  and  rhodium  are  converted  into  sesqui- 
chlorides,  which  are  not  precipitated  by  sal-ammoniac.  According 
to  Louis,^  the  method  at  present  used  in  Russia  is  to  dissolve  the 
crude  platinum  in  aqua  regia,  a  porcelain  basin  heated  on  a  sand- 
bath  being  used  for  that  purpose.  The  solution  is  taken  down  to 
dryness,  the  residue  dissolved  in  hydrochloric  acid  and  evaporated  to 
dryness,  and  this  process  is  repeated  until  the  solution  is  free  from 
nitric  acid.  It  is  now  filtered  from  the  insoluble  sand,  chromite, 
platinum  metals,  &c.,  and  sold  to  German  works,  where  it  is  treated  for 
the  platinum  metals.  The  platinum  is  precipitated  in  glass  vessels 
with  ammonium  chloride  and  the  crystals,  decanted  from  the  mother 
liquor,  washed  in  a  bowl-shaped  filter,  a  pump  being  used  to  quicken 
the  process.  In  this  way  ammonium  platini-choride  is  obtained  in 
cakes  about  1  foot   in   diameter  and   3   inches   thick.     These   are 

*  lAehig^B  Aniiaien,  vol.  xiv.,  pp.  10,  251.  *  Dingl.  vol.  cxc,  p.  118. 

»  The  Min.  Lid.,  1898,  p.  551. 
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slowly  dried  and  then  heated  in  a  muffle  on  a  sheet  of  platinum  up 
to  redness,  ammonium  chloride  and  chlorine  being  driven  off,  and  a 
residue  of  spongy  platinum  being  left  as  a  grey  cake.  This  is  then 
powdered,  compressed  in  a  mortar  with  a  steel  pestle,  and  melted 
down  with  the  oxy-hydrogen  blow-pipe  flame  in  a  Deville  furnace 
(Fig.  493).  The  furnace  is  made  of  sa wed-out  blocks  of  calcareous 
tuff  held  together  by  iron  bands.  A  small  furnace  holding  7  to  10  lbs. 
of  platinum  and  heated  with  one  blow-pipe  is  made  from  a  single 
block  8  by  8  inches  in  horizontal  section  and  10  inches  high.  The 
larger  furnaces  hold  33  to  40  lbs.  of  platinum  and  are  heated  by  two  or 
three  burners.  They  rest  upon  iron  plates  and  can  be  tipped  to  pour 
the  metal.  The  moulds  are  of  the  same  material  as  the  furnaces,  and 
the  ingots  produced  are  about  2  inches  thick.  Each  furnace  can  only 
be  used  for  one  melting. 

The  filtrate  from  the  ammonium  platini-chloride  still  contains 
platinum,  and  this  is  precipitated  by  means  of  iron.  The  metal  thus 
obtained  is  impure  and  is  treated  in  the  same  way  as  the  crude  plat- 
inum. The  ingots  are  heated  to  redness  and  then  rolled  into  plates 
half  an  inch  thick. 

Herseus  in  Hanau,^  in  order  to  make  the  ore  dissolve  more 
quickly,  places  it  in  glass  retorts  with  a  mixture  of  1  part  aqua  regia 
with  2  parts  water,  under  a  pressure  of  12  inches  of  water,  evaporates 
the  solution,  and  heats  the  residue  obtained  to  125'',  so  that  the 
sesqui-chlorides  of  iridium  and  palladium  are  formed.  Then  this 
residue  is  dissolved  in  hydrochloric  acid.  Next  the  pure  double 
chloride  is  precipitated  from  the  solution.  This  is  converted  into 
platinum  sponge  by  ignition,  and  the  sponge  melted  in  a  lime 
crucible.  The  liquid  filtered  fi:om  the  platinum  double  chloride  pre- 
cipitate is  evaporated  to  a  certain  density,  when  the  iridium  salt 
comes  down.  The  remaining  metals  are  precipitated  from  this 
solution  by  iron  turnings.  The  excess  of  iron  is  removed  from  the 
precipitate  by  hydrochloric  acid,  and  the  latter  is  then  treated 
with  aqua  regia  in  order  to  obtain  more  of  the  platinum  and  iridium 
precipitates. 

Palladium,  rhodium,  ruthenium,  osmium,  and  iridium  may  be 
obtained  from  the  residues  after  the  ore  is  dissolved,  and  from  the 
mother  liquors  after  precipitation. 

G.  Matthey  *  produces  pure  platinum  from  the  commercial  crude 
metal  by  melting  it  with  six  times  its  amount  of  lead,  granulating 

^  A7ntL  Bericht  iiber  die  Wiener  Weltausst.  i.  /.,  1873,  vol.  iii.  999.  Dingl. 
vol.  ccxx.,  p.  95. 

3  Chem.  News,  1879,  xxxix.  No.  1,013,  p.  175.  Berg-  nnd  HiUtcnm,  Zlg.y  I88i>, 
p.  28. 
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this  alloy,  and  treating  it  with  dilute  hydrochloric  acid,  which 
dissolves  iron,  lead,  palladium,  and  rhodium,  while  platinum  remains 
behind  with  iridium,  and  small  quantities  of  lead,  rhodium,  and  other 
platinoid  metals.  This  residue  is  boiled  with  aqua  regia,  when 
platinum  and  lead  dissolve  and  iridium  remains  behind.  The  lead  is 
precipitated  by  sulphuric  acid.  The  liquid  is  filtered  from  lead 
sulphate  and  treated  with  excess  of  ammonium  chloride  and  common 
salt  to  precipitate  platinum  in  the  usual  way.  If  rhodium  is  present 
in  the  solution,  the  precipitate  is  rose-colour  instead  of  pure  yellow. 
It  is  ignited  with  bisulphate  of  potash,  which  forms  rhodium-potas- 
sium sulphate,  while  the  platinum  separates  as  metal.  The  double 
salt  is  dissolved  by  boiling  the  whole  with  water. 

To  hasten  the  separation  of  platinum  and  minimise  the  quantity 
of  aqua  regia,  it  has  been  proposed  by  Hess,^  and  by  DuUo,^  to 
melt  crude  platinum  with  four  or  five  times  its  weight  of  zinc,  and 
treat  the  alloy  with  sulphuric  acid  first. 

Wyott '  has  brought  forward  a  process  for  extracting  the  platinoid 
metals  from  residues  and  mother  liquors.  Platinum,  palladium,  and 
rhodium  are  dissolved  out  of  the  ores  by  aqua  regia.  The  first 
is  precipitated  by  ammonium  chloride.  The  liquid  is  filtered  off, 
neutralised  by  soda,  and  palladious  cyanide  (PdCyj)  precipitated 
from  it  by  mercuric  cyanide.  Rhodium  remains  in  the  solution. 
The  residue  after  treatment  with  aqua  regia  is  to  be  heated  in  a 
stream  of  air,  whereby  osmium  is  converted  into  tetroxide,  which 
volatilises,  and  rhodium  oxide  is  deposited  in  the  hotter  parts  of  the 
outlet  tube.  The  residue,  after  this  heating,  is  mixed  with  salt,  and 
heated  in  a  stream  of  chlorine.  Sodium-iridium  chloride  is  formed, 
which  is  dissolved  by  boiling  water. 

When  gold  is  precipitated  from  an  aqua  regia  solution  by  ferrous 
chloride  (described  under  Gold  *),  the  solution  which  remains  consists 
of  iron  chloride,  which,  together  with  finely  divided  gold,  in  many 
cases  contains  also  platinum,  palladium,  and  chloride  of  silver  finely 
divided,  while  iridium,  ruthenium,  rhodium,  selenium,  and  various 
base  metals  are  in  the  solution.  From  these  materials  platinum  and 
the  platinoid  metals  are  extracted  at  the  gold  and  silver  works  at 
Frankfort-on-Main  by  the  following  process.* 

Sheet  iron  cuttings  are  first  placed  in  the  solution  in  order  to 
reduce  ferric  to  ferrous  chloride,  which  can  be  used  again  to  pre- 
cipitate gold.  The  iron  throws  down  selenium  and  the  metals 
mentioned,  in  the  form  of  a  black  mud,  which  is  removed  from  time 

*  Erdm,  Joum.,  vol.  xl.,  p.  498.  "  Pnd.,  vol.  Ixxviii.,  p.  369. 

'  Eng.  and  Min.  Jmim.y  44,  p.  273.  *  See  vol.  i.,  pp.  994  tt  seq. 

»  Ding.  Polyt.  Jotirn.,  224,  p.  414. 
VOL.  11  *^   E 
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to  time  from  the  vessels  (large  stoneware  pots).  After  the  larger 
pieces  of  iron  have  been  sieved  out  of  the  mud,  it  is  digested  with 
ferric  chloride  to  remove  iron  and  copper,  and  then  repeatedly  washed 
with  dilute  hydrochloric  acid.  Tt  is  next  dried  and  smelted  with 
soda  and  coal.  A  button  of  metal  is  obtained,  and  a  slag  con- 
taining selenium,  which  is  collected  and  worked  up  for  that  element. 
The  metallic  button  is  re-melted  and  granulated,  then  digested  in 
glass  retorts  with  aqua  regia  containing  excess  of  hydrochloric  acid, 
by  which  means  the  greater  part  of  any  copper  present  is  removed. 
It  is  necessary  for  this  purpose  to  use  a  limited  quantity  of  the 
acid  mixture,  as  otherwise  copper  and  all  the  noble  metals  will  be 
dissolved,  and  the  presence  of  copper  will  make  the  precipitation  of 
platinum  and  palladium  difficult.  The  noble  metals  that  pass  into 
solution  are  separated  again  by  the  metallic  copper  still  remaining 
in  the  granules  or  by  copper  wire  put  in  for  the  purpose.  Finally, 
the  solution  contains  principally  cuprous  chloride,  kept  dissolved  by 
the  excess  of  hydrochloric  acid,  and  also  some  cupric  chloride.  After 
the  metallic  mud  has  been  nearly  freed  firom  copper  by  this  operation, 
repeated  if  necessary,  it  is  boiled  with  aqua  regia,  and  all  the  metals 
brought  into  solution.  When  this  is  diluted  with  water,  antimony 
is  thrown  down  as  oxychloride.  The  diluted  solution  is  afterwards 
brought  back  to  its  former  concentration  by  evaporation,  and  the 
gold  is  thrown  down  electrolytically.  (Gold  must  not  be  thrown 
down  by  ferrous  chloride,  which  would  bring  back  iron  into  the 
solution.)  Next,  platinum  is  precipitated  by  sal-ammoniac,  and 
the  precipitate,  after  ignition,  gives  the  metal  with  only  0005  per 
cent,  impurity.  The  filtrate  from  this  last  precipitate  still  contains 
sal-ammoniac,  and  is  used  to  precipitate  platinum  from  another  solu- 
tion, whereby  the  quantity  of  iridium  and  palladium  dissolved  in  it 
is  increased.  Afterwards,  this  enriched  solution  is  evaporated  until 
the  iridium-ammonium  chloride  separates  out,  and  lastly,  from  this 
mother  liquor  the  similar  palladium  double  salt  is  crystallised  out 
by  adding  ammonia  and  hydrochloric  acid. 

The  usual  composition  of  platinum  metal  is  given  by  the  following 

analyses  ^ : — 

I.  11.  in. 

Pb 99-29  99-9  99-9 

Ir 0-32  —  — 

Rd 013  001  — 

P(i —  —  - 

Rii 004  —  — 

Fe 006  —  O-OOOl 

Cu 007  —  — 

As —         *       001  .— 

^  Mineral  Indushy,  1892,  p.  384. 
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The  origin  of  the  first  sample  is  unknown ;  the  second  is  from 
Johnson,  Matthey  and  Co/s  works  in  London,  and  the  third  from 
the  works  of  Herseus  in  Hanau. 

EXTRACTION    OF    PLATINUM   BY   AN   ELECTRO-METALLURGICAL 

METHOD 

Electro-metallurgical  methods  have  been  proposed  for  the  extrac- 
tion of  platinum  from  its  ores,  but  never  put  into  practice,  although 
by  these  means  platinum  and  its  allied  metals  are  separated  from 
their  alloys  with  gold.  Further,  platinum  can  be  separated  from 
iridium  and  rhodium  by  a  weak  current  acting  on  an  acid  solution 
of  platinum  chloride  as  the  electrolyte.  As,  however,  platinum 
separates  easily  from  most  of  its  compounds  by  simple  heating, 
the  electrolytic  method  seems  unnecessary  in  this  case.  The  separa- 
tion of  gold  and  the  platinum  metals  is  carried  out  on  a  large 
scale  at  the  North  German  Refinery  at  Hamburg. 

The  anodes  are  sheets  of  the  impure  gold,  containing  platinum 
and  the  metals  of  that  group  along  with  silver,  copper  and  other 
metals ;  the  cathodes  are  of  gold  foil,  and  the  electrolyte  is  a  solu- 
tion of  gold  chloride  containing  excess  of  hydrochloric  acid,  or  of 
metallic  chlorides  which  form  double  salts  with  gold  chloride,  the 
excess  of  these  materials  and  the  right  concentration  of  the  gold 
being  kept  up  by  addition  of  the  necessary  reagents.^ 

Most  of  the  constituents  of  the  anodes  pass  into  solution  with  the 
gold  during  electrolysis,  but  only  the  gold  is  deposited  at  the  low 
tensions  adopted.  Platinum,  though  not  soluble  of  itself,  becomes 
so  when  alloyed  with  gold,  but  it  is  not  electrolytically  deposited 
from  solution  along  with  the  gold.  It  is  thus  possible  to  enrich 
the  electrolyte  in  platinum ;  and  the  same  may  be  said  with 
regard  to  palladium.  The  remaining  metals  of  the  platinum  group 
are  not  dissolved,  but  they  collect  in  the  anode  slimes  together  with 
a  portion  of  the  gold  itself.  Silver  is  separated  as  chloride  at  the 
surface  of  the  anode,  and  falls  likewise  to  the  bottom  of  the  bath. 
Although  silver  chloride  is  somewhat  soluble  in  hydrochloric  acid, 
yet  none  of  the  silver  is  deposited  at  the  cathode,  where  the  gold 
deposit  seldom  contains  less  than  99*98  per  cent,  of  gold. 

If  a  solution  of  gold  chloride  (AuClg)  free  from  acid  be  employed 
as  electrolyte,  then  the  chlorine  liberated  at  the  anode  does  not 
attack  the  gold,  but  is  evolved  in  the  gaseous  condition.     If,  on  the 

»  Oer.    Pat.,    April   16,    1896,   No.    90276.     Additional   Patent,   June  9,    1896» 
No.  90511. 

3    E   2 
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other  hand,  acid  solutions  of  gold  chloride  are  used,  and  the  quantity 
of  hydrochloric  acid  is  kept  constant,  then  both  anode  gold  and 
platinum  are  brought  into  solution.^  Wohlwill  explains  this  pheDO- 
menon  by  assuming  that  the  gold  of  the  anodes  only  dissolves  when 
the  surrounding  electrolyte  contains  chlorides  suitable  in  kind  and 
concentration  for  the  formation  of  the  ions  AuCl^.  The  current 
density  is  830  amperes  per  square  yard  and  the  tension  of  the  bath 
1  volt.  Platinum  is  extracted  from  the  electrolyte  by  the  wet 
methods  described  above. 

1  Zeit.  fiir  Elektrochemie,  vol.  xvi.  p.  379 ;  vol.  xvii.  p.  402 ;  voL  xviii.  p.  421. 
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Physical  Properties 

Aluminium  has  a  tin- white  colour  and  high  lustre.  If  a  minute 
quantity  of  silicon  has  been  allowed  to  remain  in  it,  the  colour  has  a 
bluish  tinge ;  a  larger  quantity  makes  it  grey.  Mechanical  treatment 
also  produces  a  bluish  tinge. 

The  fracture  of  cast  aluminium  shows  a  coarse  fibre  and  irregular 
grain,  while  it  is  fibrous  or  fine-grained,  and  shows  a  high  silky  lustre 
after  being  hammered  and  rolled. 

According  to  Deville,  aluminium  crystallises  in  regular  octahedra 
if  slowly  cooled.  According  to  Rose  the  crystals  do  not  belong  to  the 
regular  system. 

The  specific  gravity  of  aluminium  is  considerably  less  than  that 
of  all  other  metals  used  generally  in  commerce.  It  is  2*58  for  the 
pure  metal,  and  from  2*60  to  274  for  the  commercial  metal,  accord- 
ing to  the  treatment  it  has  undergone. 

Both  pure  aluminium  and  the  commercial  metal  (985  per  cent.) 
can  be  wrought,  drawn,  and  rolled  in  the  cold.  The  greatest  ductility 
is  at  200'*  C.  When  worked  in  the  cold  it  loses  ductility,  but  this  is 
restored  by  annealing.  If  the  metal  contains  97  per  cent,  of  alumin- 
iunn  and  3  per  cent,  of  heavy  metals  and  silicon,  it  can  only  be  rolled 
in  the  cold  by  repeatedly  annealing  it.  If  it  contains  5  per  cent,  of 
impurities,  including  silicon,  it  can  only  be  worked  when  hot,  and 
the  temperature  then  should  not  exceed  350°  to  400°  C.  Forging 
and  rolling  are  best  done  at  200°  C.  It  is  best  worked  in  the  press 
at  500°  C.  At  550°  C.  it  becomes  pasty  and  breaks  into  pieces 
under  the  hammer. 

By  working  aluminium  in  the  cold  its  hardness  and  tenacity  are 
increased,  its  ductility  diminished.  As  the  temperature  rises  the 
tenacity  diminishes.  The  tensile  strength  of  cast  aluminium  is 
17,042  lbs.   per  square  inch  with  3  per  cent,  extension.    This  is 
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increased  by  cold  rolling  and  hammering.  By  slight  reduction  of  its 
cross  section  the  tensile  strength  is  brought  to  one  and  a  half  times  the 
above  amount.  Reduction  in  the  ratio  of  20 : 1  brings  up  the  tensile 
strength  to  about  twice  the  first  value  with  an  extension  of  4*3  per 
cent. ;  and  i-eduction  in  the  ratio  of  80 : 1  to  39,200  lbs.  per  square 
inch  with  an  extension  of  4'2  per  cent. 

Aluminium  wire  yV  ij^^h  in  diameter  had,  when  warmed,  a  tensile 
strength  of  35,500  lbs.  per  square  inch. 

The  electrical  conductivity  of  aluminium  (that  of  copper  being 
taken  as  100)  is  as  follows : — * 


AlumiDiam  Content  of  Metal. 

Conduetivity. 

98-5  per 

cent. 

55 

99         ,. 

ft 

59 

99-5      „ 

a 

61 

99-75    „ 

n 

63  to  64 

100        „ 

M 

probably  66  to  67 

The  thermal  conductivity  is  31  "33,  that  of  silver  being  taken 
as  100.  The  coefficient  of  linear  expansion  is  0*0023  or  -^  at 
100' C.  The  specific  heat  is  02220  at  O'' C,  and  02270  (average) 
between  0*"  and  100°  C,  and  0*275  at  the  melting  point. 

Aluminium  melts  at  a  red  heat  between  600°  and  700°  C.  (625"* 
according  to  Le  Chatelier).  Its  latent  heat  of  liquefaction  is  100 
Cal.  It  volatilises  at  a  high  temperature,  though  at  what  point  has 
not  been  determined.  It  has  a  high  specific  heat,  so  that  much  heat 
and  time  are  needed  to  liquefy  a  large  quantity  of  the  metal ;  in  like 
manner  as  the  latent  heat  of  liquefection  is  great,  the  molten  metal 
takes  a  long  time  to  cool  down  and  solidify.  According  to  Deville 
many  hours  elapse  before  a  small  ingot  freshly  poured  becomes  cool 
enough  to  take  into  the  hand.  There  is  a  contraction  in  volume  of 
the  metal  as  it  passes  from  the  liquid  to  the  solid  state,  the  amount 
being  1*7  per  cent,  of  the  original  volume. 

Aluminium  is  distinguished  by  a  clear  ringing  sound  when  struck. 

Chemical  Properties  of  Aluminium  and  of   its  Compounds 
which  are  important  in  its  extraction 

Compact  aluminium  does  not  oxidise  in  either  wet  or  dry  air 

at  the  ordinary  temperature.     When  melted  it  oxidises  very  slightly 

and   becomes  covered  with  a  thin  deposit  of  alumina,  which  pre- 

\ents   further  action.     It   is,   however,   easily   oxidisable   when   in 

>  Richards,  FranJdin  Joum,  1897,  p.  143. 
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fine  division  or  in  thin  leaves ;  it  then  bums,  if  heated  in  a  gas- 
flame,  with  a  dazzling  light,  and  forms  the  sesquioxide.  If  it  is  fused 
with  saltpetre,  it  is  not  oxidised  at  a  dull  red  heat,  but  forms  potassium 
aluminate  when  further  heated.  At  a  strong  white  heat  it  bums 
superficially  to  form  the  sesquioxide,  but  here  again  a  thick  layer  of 
this  oxide  stops  further  action. 

When  melted  it  reduces  many  oxides,  for  example,  those  of  iron, 
lead,  copper,  carbon,  silicon,  and  boron,  forming  alumina.  Any 
aluminium  remaining  combines  with  the  element  thus  separated. 
Alumina,  the  sesquioxide,  is  not  soluble  in  metals,  and  does  not 
deteriorate  them  when  present ;  therefore  aluminium  forms  a  good 
agent  for  purifying  metals  containing  their  oxides,  and  superior  to 
other  elements  similarly  used  for  refining  (such  as  silicon,  phosphorus, 
manganese,  magnesium,  and  sodium). 

Aluminium  is  not  attacked  by  water,  either  when  boiling  or  at  the 
ordinary  temperature.  At  a  red  heat  steam  hardly  attacks  it ;  at  a 
white  heat  it  is  only  superficially  and  slightly  oxidised. 

Mylius  and  Rose  ^  find  that  water  containing  air  acts  upon 
aluminium  so  that  small  quantities  of  hydrogen  peroxide  are  formed 
which  disappear  during  the  oxidation  of  the  metal. 

At  a  high  temperature  sulphur  combines  directly  with  the  metal 
to  form  the  sulphide  (AlgSg),  but  sulphuretted  hydrogen  has  no 
action  on  it.  In  this  respect  aluminium  has  an  advantage  over 
silver,  which  is  blackened  by  sulphuretted  hydrogen,  the  sulphide 
being  formed. 

Chlorine,  bromine,  iodine,  boron,  and  silicon  combine  easily  with 
aluminium. 

It  is  hardly  attacked  by  dilute  sulphuric  acid,  but  dissolves  slowly 
in  the  hot  concentrated  acid. 

Nitric  acid  has  little  action  on  it.  Hydrochloric  acid  dissolves  the 
metal  more  easily  in  proportion  as  it  is  more  concentrated ;  it  there- 
fore forms  the  best  solvent.  Potash  and  soda  lye  dissolve  the  metal 
energetically;  hydrogen  is  given  off  and  potassium  or  sodium 
aluminate  formed.  Fused  alkalies,  with  not  more  than  one  equivalent 
of  water,  do  not  attack  aluminium. 

Aqueous  ammonia  attacks  it  only  slightly,  gaseous  ammonia  not 
at  all.  Organic  acids  have  no  action  in  the  cold,  and  only  a  very 
feeble  one  when  warmed. 

Finely  divided  aluminium  will  burn  with  flame  in  a  stream  of 

chlorine,  forming  the  chloride.     Carbon  monoxide  attacks  aluminium 

at  a  high  temperature,  according  to  Quntz  and  Masson,^  and  in  the 

1  ZeUschr.  f.  lustrum.,  1893,  p.  77.  *  Pariser  Akademie  der  Wiasenschaffen. 
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presence  of  a  little  iodide  or  chloride  of  the  metal,  alumina  and 
aluminium  carbide  being  formed. 

A  solution  of  aluminium  chloride  acts  energetically  on  the  metal, 
forming  a  basic  chloride.  A  solution  of  alum  mixed  with  common 
salt  dissolves  aluminium,  giving  off  hydrogen,  and  forming  a  basic 
chloride. 

Aluminium  precipitates  most  metals  from  the  solutions  of  their 
salts,  and  it  separates  silver,  lead  and  zinc  from  alkaline  solution  of 
these  metals. 

Amongst  the  materials  used  as  fluxes,  carbonates  and  sulphates 
of  alkalies,  also  silicates  and  borates,  are  found  to  have  a  specially 
injurious  effect  on  aluminium.  Silicon  and  boron  will  be  set  free 
from  the  two  last ;  and  silicon  combines  in  all  proportions  with 
aluminium,  and  is  always  taken  up,  if  excess  be  present.  Silicates 
and  borates  should,  therefore,  not  be  present  during  the  production 
of  the  metal.  Haloid  compounds  of  aluminium  attack  the  metal. 
The  least  injurious  fluxes  are  common  salt  and  calcium  fluoride. 

It  is  therefore  best  to  fuse  aluminium  without  any  flux. 


Aluminium  Oxide:  Alumina  (AljOj) 

is  found  naturally  as  corundum,  sapphire  and  emery.  It  is  obtained 
artificially,  by  igniting  the  hydrate,  in  the  form  of  an  amorphous 
white  powder,  which  is  insoluble  in  water,  and  difficultly  soluble  in 
acids.  It  may  also  be  obtained  in  the  same  form  by  igniting  alumi- 
nium sulphate,  and  ammonia-alum.  It  melts  at  a  very  high  temper- 
ature to  a  clear,  colourless  liquid,  which  is  split  up  by  an  electric 
current  into  aluminium  and  oxygen.  It  is  reduced  to  metal  by 
carbon  at  the  high  temperature  of  the  electric  current.  It  acts  as 
acid  radicle  to  many  bases  (alkalies  and  alkali  earths),  and  forms 
aluminates.     The  best  known  is  sodium  aluminate,  Alg(NaO)5. 

Alumina  forms  several  hydrates  with  water,  from  AljOjCOH)^  to 
A1,(0H),. 

These  hydrates  occur  naturally  as  diaspore,  bauxite  and  hydrar- 
gillite.  Artificially,  a  hydrate  is  obtained  by  precipitation  from 
an  alkali  aluminate  with  carbon  dioxide.  Thus  with  sodium 
aluminate : 

Al2(0Na)e+ SHjO  +  SCOg  =  A\^(OE\+SN€l^CO^. 

This  gives  a  loose  white  powder  soluble  in  acids.  It  acts  as  an 
acid  with  oxides  of  the  alkalies  and  alkali  earths. 
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Aluminium  CHLORiDECAl^Cle) 

is  obtained  by  burning  the  metal  in  chlorine.  In  Oerstedt  s  method 
it  is  obtained  by  igniting  an  intimate  mixture  of  alumina  and  char- 
coal in  a  stream  of  chlorine : 

Al203+3C+3Cl2  =  Al2Cle+3CO. 

If  the  hydrate  is  dissolved  in  hydrochloric  acid  and  the  solution 
evaporated,  the  anhydrous  chloride  cannot  be  obtained,  as  the  solution 
splits  up  into  alumina  and  hydrochloric  acid.  Aluminium  chloride 
is  colourless,  gives  off  vapours  in  the  air,  and  absorbs  moisture  from 
it.  At  high  temperatures  (below  its  melting  point),  it  volatilises 
easily.  If  these  vapours  act  upon  aluminium  at  a  red  heat  in  an 
atmosphere  of  oxygen  the  oxychloride  is  formed.  If  aluminium  is 
heated  to  1300°  C,  in  a  tube  containing  vapours  of  the  chloride  in  the 
absence  of  air,  small  drops  of  the  fused  metal  are  deposited  in  the 
cool  parts  of  the  tube  (Troost  and  Hautefeuille).  The  explanation 
seems  to  be  that  a  gaseous  lower  chloride  is  formed,  and  then 
decomposed. 

Aluminium  cannot  be  successfully  separated  from  the  chloride  by 
an  electric  current,  because  this  compound  volatilises  before  it  fuses. 
The  decomposition  goes  on  properly,  however,  if  the  easily  fusible 
double  chloride  with  sodium  is  used.  This  double  salt  was  formerly 
used  to  obtain  the  metal.  Aluminium  fluoride  can  be  obtained 
according  to  Grabau,  by  decomposing  cryolite  (AlgF^-GNaF)  with 
aluminium  sulphate,  sodium  sulphate  being  formed  at  the  same 
time.  The  substance  obtained  is  a  white  powder,  insoluble  in  water. 
It  is  decomposed  by  sodium  at  a  red  heat,  aluminium  in  the 
metallic  form  being  deposited  while  an  artificial  cryolite  (aluminium 
and  sodium  fluoride)  is  formed.  Grabau  bases  his  method  for 
extracting  aluminium  upon  this  reaction. 

Aluminium  Sulphide. 

This  is  obtained  by  the  action  of  sulphur  vapour  upon  a 
mixture  of  alumina  and  carbon  heated  to  whiteness,  or  by  the  direct 
union  of  sulphur  and  aluminium  at  a  high  temperature.  The  molten 
compound  (AlgSg)  is  decomposed  into  its  constituents  under  the 
action  of  an  electric  current,  though  heat  alone,  even  from  electric 
sources,  has  no  decomposing  action  upon  it  (Mourlot).^ 

1  Compt,  rendtis,  1897,  124.    I.  768. 
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Aluminium  Carbide. 

Moissan  ^  has  recently  succeeded  in  making  a  compound  of  the 
formula  Cg Al^,  by  heating  the  elements  in  an '  electric  furnace  in  an 
atmosphere  of  hydrogen.  The  substance  forms  yellow  transparent 
crystals. 

According  to  Borchers,*  when  alumina  and  carbon  are  heated  in  an 
electric  furnace,  a  grey  sintered  mass  is  obtained,  which,  when  cold,  is 
brittle  and  crumbling,  and  consists  of  aluminium,  aluminium  carbide, 
carbon,  and  various  impurities  derived  from  the  source  of  carbon. 

Salts  in  which  aluminium  acts  as  a  base  are  derived  from  the 
oxide  AlgOy  The  metal  is  not  precipitated  by  other  metals  from  the 
aqueous  solutions  of  these  salts.  It  has  not  so  far  been  separated 
by  an  electric  current. 

Aluminium  Silicide 

is  obtained  when  aluminium  is  melted  with  silicates.  In  this  way  a 
compound  containing  70  per  cent,  silicon  can  be  obtained.  A  portion 
is  dissolved  in  the  aluminium,  and  another  part  seems  to  be  mechani- 
cally mixed  like  graphite  in  pig  iron.  When  aluminium  silicide  is 
treated  with  hydrochloric  acid,  part  of  the  silicon  escapes  as 
siliciuretted  hydrogen,  another  passes  into  solution  as  silica,  and  a 
third  part  remains  behind  as  a  black  powder. 

Alloys  of  Aluminium. 

Aluminium  alloys  with  most  metals.  It  combines  easily  with 
potassium  and  sodium.  An  alloy  containing  only  two  per  cent,  sodium 
decomposes  water. 

It  also  alloys  readily  with  magnesium. 

Alloys  containing  10  to  12  per  cent,  of  magnesium  can  be  worked 
in  every  way.  Mach's  magnalium  ^  belongs  to  this  class.  More  than 
15  per  cent,  of  magnesium  makes  the  alloys  brittle.  With  50  per 
cent,  of  magnesium  the  alloy  breaks  between  the  fingers,  and  can  be 
powdered.* 

Antimony  alloys  easily  with  aluminium  in  all  proportions 
(Roche).^  Alloys  with  less  than  5  per  cent,  of  antimony  are  harder, 
tougher,  and  more  readily  forged  than  pure  aluminium  itself.  The 
greater  the  quantity  of  antimony,  the  harder  and  more  brittle  become 

^  Zeitschr,  fur  Elektrotecknik  wnd  Eltktrochemie,  1894,  vol.  vi.  ;  Compi.  rendu^, 
vol.  cxix.,  1894,  part  i.,  p.  16. 

«  Elekirometallurffie,  p.  98.  '  Ger.  Pat  105602  and  113935. 

*  Minet,  Die  Getainnung  des  Aluminium^,     Halle  a.  S.,  1902,  p.  94. 

*  Minet,  op,  cit. 
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the  alloys  and  the  melting  point  rises  in  proportion.  According  to 
van  Aubels  the  alloy  Al  Sb  melts  at  1078-1080°  C.^  The  melting 
point  of  magnalium  is  raised  by  addition  of  up  to  30  per  c6nt.  of 
antimony  (Mach).* 

Nickel  readily  forms  alloys  with  aluminium  which  are  harder  and 
more  easily  worked  than  aluminium  itself.  Those  with  3  per  cent,  of 
nickel  can  be  readily  moulded  into  plates.  According  to  Margot,* 
alloys  with  18  per  cent,  of  aluminium  and  82  per  cent,  of  nickel 
are  as  hard  as  steel,  readily  polished  and  easily  worked  with  the 
hammer. 

Cobalt-aluminium  alloys  with  6  per  cent,  of  cobalt  can  be  easily 
rolled.  An  alloy  prepared  by  Margot  with  20  to  25  per  cent,  of 
aluminium  and  75  to  80  per  cent,  of  cobalt  had  the  hardness  of 
hardened  steel,  broke  under  the  hammer,  and  fell  to  dust  a  few  days 
after  its  preparation. 

Zinc  is  readily  alloyed  with  aluminium  and  makes  the  latter 
hard.     More  than  3  per  cent,  of  zinc  gives  a  brittle  alloy. 

Cjadmium-aluminium  alloy  is  fairly  extensible  and  is  used  as  a 
solder.  Bismuth-aluminium  alloy  is  brittle  even  with  1  per  cent,  of 
bismuth.     Lead  can  be  only  imperfectly  alloyed  with  aluminium. 

Silver-aluminium  alloy  with  5  per  cent,  of  silver  is  as  easily  forged 
as  pure  aluminium.  Alloys  of  2  parts  of  aluminium  and  1  part  of 
silver  are  easier  to  coin  than  copper  silver  alloys. 

Gold  can  be  alloyed  with  aluminium  to  the  extent  of  10  per  cent, 
without  the  alloy  becoming  brittle  (Tissier).  An  alloy  with  22  per 
cent,  of  aluminium  and  78  per  cent,  of  gold  prepared  by  Roberts- 
Austen  was  purple  in  colour  and  had  a  ruby-like  lustre. 

Mercury  unites  slowly  at  100°  C.  with  aluminium,  but  very  rapidly 
at  the  boiling  point  of  mercury.  According  to  Bailie  and  Ferny  *  the 
amalgam  AU  Hgg  is  formed  on  bringing  the  two  metals  together. 

Zinc-aluminium  alloys  are  less  extensible  and  are  weaker  than 
pure  aluminium.  Alloys  with  10  per  cent,  of  zinc  are  said  to  be 
soldered  as  easily  as  brass. 

Alloys  of  iron,  silicon  and  aluminium  are  obtained  according  to 
Minet  {op.  eit,\  by  the  reduction  of  white  or  crude  bauxite,  or  a 
mixture  of  these  in  the  electric  furnace.  Alloys  of  the  following 
compositions  are  known : — 

I.  II.  III. 

Al 90  85  80  per  cent. 

Fe 7  10  14 

Si 3  5  6 

1  VEleclrochemie,  1901,  p.  1.36.  a  Minet,  op.  cit.,  p.  97. 

'  Minet,  op.  cit.,  pp.  92,  97.  *  Minet,  op.  cit.,  p.  101. 
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Copper  and  aluminium  form  alloys  in  all  proportions.  CSopper 
containing  up  to  10  per  cent,  aluminium  is  distinguished  by  great 
hardness,  strength,  and  tenacity,  and,  under  the  name  of  aluminium 
bronze,  has  found  manifold  technical  uses,  as  in  the  preparation  of 
optical  instruments,  ornaments,  armour  plates  and  propellers. 

If  the  copper  contains  more  than  10  per  cent,  of  aluminium,  the 
alloy  will  be  brittle.  Below  10  per  cent,  the  tenacity  increases 
rapidly.  Bronzes  containing  more  than  10  per  cent,  of  aluminium 
are  not  made  for  practical  purposes.  The  commonest  bronzes  contain 
2-5,  5,  75,  9  and  10  per  cent,  of  aluminium.  Those  with  9*62  per 
cent,  correspond  to  the  formula  CujAl ;  those  with  5*05  per  cent  to 
CugAl  and  those  with  2*59  per  cent,  to  Cui^Al. 

The  colour  of  the  bronze  is  bluish-white  if  there  is  more  than 
20  per  cent,  of  aluminium  ;  with  between  20  and  15  per  cent,  of  this 
metal  it  is  pure  white  ;  with  less  proportion  of  aluminium  it  gradually 
becomes  yellow ;  5  per  cent,  gives  a  gold  yellow ;  3  per  cent.,  a  red 
gold  colour. 

The  melting  point  of  bronze  with  10  per  cent,  of  aluminium  is 
about  950**;  it  makes  good  castings.  The  toughness  of  aluminium  is 
increased  by  an  amount  of  copper  not  exceeding  6  per  cent.  The 
experiments  of  Charpentier  Page  ^  showed  the  following  breaking- 
strains  for  wires  008  inch  in  diameter : — 


Percentage  of 

BxteuBion 

Breakiuj;  strain 

No. 

copper. 

(per  cent). 

fibs,  per  sq.  inch). 

1      . 

3           .    .    . 

21-3  to  21-7 

28,960  to  29,500 

2 

3          .    .    . 

3-6  „    4-5 

49,260  „  50,  KK) 

3     ! 

6          .    .    . 

16-2  „  200 

31,800  „  35,20<» 

4     . 

6          .    .    . 

2-3  „     2-8 

60,900  „  64,200 

Nos.  1  and  3  were  specimens  of  heated  wire,  2  and  4  of  hanl  wire. 
Thus,  aluminium-coppor  alloys  often  surpass  pure  aluminium  in 
respect  of  tenacity. 

Aluminum  alloys  also  with  platinum,  palladium,  manganese, 
chromium,  tungsten  and  titanium  :  further  information  on  the  alloys 
of  aluminium  is  given  in  Joseph  W.  Richards*  Aluminium,  London, 
1896,  and  in  Adolph  Minet's  Tht  EMradion  of  Aluminium, 

MATERIAL  FOR  THE   EXTRACTION   OF  ALUMINIUM 

Aluminium,  after  oxygen  and  silicon,  is  the  most  abundant 
element  on  the  globe ;  yet  there  are  very  few  minerals  which  lend 
themselves  to  its  extraction. 

*  Minet,  op.  cit.,  p.  97. 
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The  most  important  are  bauxite  and  cryolite  ;  those  of  secondary 
importance  are  rocks  contjiining  aluminium  sulphate,  kaolin  and  clay. 
Hydrargillite  and  diaspore,  Al2(0H)g,  are  not  used  in  the  preparation 
of  the  metal  owing  to  their  scarcity. 

Bauxite  is  a  mixture  of  aluminic  and  ferric  hydrates,  and  was 
first'  found  in  the  district  Baux,  near  Aries,  in  Provence.  It  was 
discovered  later  on  in  other  parts  of  the  South  of  France.  It  also 
occurs  in  the  Departments  Var  and  Bouches  du  Rhdne  over  a  length 
of  95  miles  in  beds  of  a  thickness  amounting  ia  places  to  between 
65  feet  and  95  feet.^  Beds  have  also  been  found  in  Carniola,  Nassau- 
Hesse,  Ireland,  Lecchi  and  Calabria,  Senegal,  Georgia,  Alabama, 
Arkansas,  California,  Florida,  and  New  South  Wales.  There  are  two 
kinds  of  bauxite,  the  red  and  the  white,  containing  little  and  much 
silica  respectively.    The  former  is  preferred  as  a  source  of  aluminium. 

The  composition  of  various  kinds  of  French  bauxite  may  be  seen 
in  the  following  analyses:^  No.  I.  is  from  Villeveyrac  (Herault), 
II.  from  Nas  de  Gilles  at  Baux,  III.  from  Paradon  at  Baux,  IV.  is  a 
silicated  bauxite  at  Villeveyrac,  V.  a  silicated  bauxite  from  Baux. 


Alumina 

Alumina  with  titanic  acid    .    . 

Ferric  oxide 

Silica 

I. 
7810 

102 
5-78 
1510 

II. 
57-6 

25-3 
5-9 

11-2 

III. 

18 

60 

4 

18 

IV. 
43-20 

7^ 
34-40 
1515 

V. 
581 

3-8 
24  "9 

Water 

Water  and  calcium  carbonate . 

142 

The  following  is   the   composition   of  a   German   bauxite   from 
Miihlbach,  near  Hadamar,  in  Nassau-Hesse  : — 

Alumina 55*610 

Ferric  oxide 7*170 

Silica 4-417 

Chalk 0-386 

Magnesia trace 

Water  and  loss  by  ignition    .    .    .  32-330 

The  following  are  three  specimens  of  a  variety  called  wochenite 
from  Feistritz,  in  Carniola,  analysed  by  G.  Schnitzer : — 

Brown  Wochenite. 

Alumina 44  4 

Ferric  oxide ;^)-3 

Silica 25-0 

Water  and  loss  by  ignition  9*7 


Yellow  Wooliei 

lite. 

White 

WcK'honite. 

54  1 

, 

()4-6 

10-4 

2-() 

12-0 

7  5 

21-9 

24-7 

*  lUrue  Unu\  den  Minc^,  18C3,  xiv.,  387 

*  Knab,  Metallnrfjiey  p.  581. 
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The  analyses  of  two  other  specimens  of  bauxite  may  be  given 
here  ^ : — 

Baitxito  from  Red  ore  from 

Leochi  n^  Marai,  Italy.  Emmavine,  N.a.W«le& 

Alumina 4744  to  57*00  .    .    .  42-20 


Ferric  oxide 25*98  „  3677 

Silica 2-33  „    4-06 

Titanium  oxide 1  17  ,,    2*86 

Water  and  volatile The  remainder. 

Lime 

Magnesium 

Potassium  and  sodium  carbonates  


28-91 
0-16 
4-75 

23-45 
0-28 
0-37 
0-17 


Most  bauxite  is  at  present  supplied  from  France,  Ireland  and  the 
States  (Alabama  and  Georgia). 

Bauxite  is  first  converted  into  alumina,  which  is  the  true 
material  from  which  the  metal  is  extracted. 

Cryolite^  a  double  fluoride  of  sodium  and  aluminium  of  the 
formula  AlgF^+GNaF,  occurs  at  Ivitut  in  the  Bay  of  Arsuk  in  South 
Greenland,  where  it  forms  an  extensive  deposit.  At  the  surface  it  is 
white,  at  10  feet  deep  it  is  blue-green,  at  15  feet  it  is  black,  and 
transparent  at  the  edges.  The  darker  kinds  become  white  when 
ignited. 

The  composition  of  pure  cryolite  is  as  follows  : — 

Aluminium     ....     1307  per  cent. 

Sodium 33-35 

Fluorine 53*58 

Cryolite  can  be  worked  up  directly  into  the  metal,  or  first 
converted  into  the  oxide. 

Alum  can  be  obtained  from  certain  rocks  and  minerals  containing 
aluminium  sulphate  ;  it  is  used  as  a  source  of  alumina,  and  from  the 
latter  the  metal  is  obtained.  Such  minerals  are  alum-earth,  ahim- 
shale,  alum-stone  or  alunite,  hair-salt  or  alunogen,  aluviinite.  Cortin- 
dum,  which  forms  rubies  and  sapphires  when  in  its  purest  forms, 
could  only  be  used  as  an  ore  for  aluminium  in  its  impure  form,  in 
which  it  is  known  as  emerj^  This  is  found  at  Naxos  in  Greece,  and 
at  Chester  in  Massachusetts,  and  has  recently  been  discovered  in 
large  quantities  in  the  States  of  North  Carolina  and  Georgia,  At 
present  it  is  used  as  a  precious  stone  and  as  an  abrasive ;  it  is  also 
prepared  artificially  from  bauxite.^ 

The  Extraction  of  Aluminium. 

Aluminium  can  be  obtained  in  the  dry  way  and  by  electro-metal- 
lurgical methods.     Its  extraction  in  the  wet  way,  as  a  deposit  from 
^  The  Min.  Ind.,  19U2,  p.  14.  ^  /^„v/.,  p.  IG. 
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aqueous  solution,  has  hitherto  been  found  impossible,  as  no  metal  has 
been  found  to  precipitate  it;  neither  has  its  deposition  from  such 
solution  by  an  electric  current  been  found  possible.  At  present  it  is 
prepared  exclusively  by  the  electrolysis  of  dry  aluminium  compounds, 
so  that  we  may  distinguish  for  descriptive  purposes  : 

I.  The  extraction  of  aluminium  in  the  dry  way. 

II.  The  extraction  of  aluminium  electro-metallurgically. 

I.   EXTRACTION  OF  ALUMINIUM  IN  THE  DRY  WAY. 

The  most  important  dry  methods  which  have  been  proposed  for 
the  extraction  of  aluminium  depend  firstly  upon  the  precipitation  of 
the  metal  from  its  molten  halides,  and  secondly  upon  the  reduction 
of  alumina  by  carbon.  Numerous  other  proposals  have  not  been 
tried,  being  foredoomed  to  failure,  or  have  not  passed  the  experi- 
mental stage,  so  that  we  need  not  dwell  upon  them  here. 

A. — The  Extraction  of  Aluminium  by  Precipitation  of   the 
Metal  with  Magnesium  or  Sodium  from  its  fused  Halide. 

Since  this  method  is  no  longer  practised,  it  will  only  be  necessary 
to  pass  the  various  processes  in  short  review,  although  they  are  very 
important  in  the  metallurgical  history  of  aluminium,  and  formed 
for  a  long  time  the  chief  branch  of  the  industry.  They  are  all  based 
on  the  decomposition  of  fused  halides  of  the  metal  by  sodium  or 
magnesium,  as  already  mentioned.  The  oldest  process  in  which 
aluminium  and  sodium  chloride  were  used,  was  invented  by  Deville 
and  improved  by  Castner. 

In  certain  works  cryolite  is  used  instead  of  this  double  chloride, 
as  in  Netto's  process,  and  finally  Grabau  suggested  aluminium 
fluoride. 

Deville  8  Process, 

This  was  based  on  the  experiments  of  Wohler,  who  had  obtained 
aluminium  in  1827  by  decomposing  its  chloride  by  potassium.  In 
1854  Deville  substituted  the  much  more  suitable  double  chloride, 
replaced  potassium  by  less  costly  sodium,  and  so  made  the  production 
of  the  metal  possible  on  a  large  scale. 

The  process  consisted  in  heating  the  double  chloride,  mixed  with 
cryolite  as  a  flux,  with  sodium  in  a  reverberatory  furnace  at  a 
gradually  increasing  temperature,  when  aluminium  and  sodium 
chloride  were  formed. 
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At  the  Salindres  Aluminium  Works  (Gard),  the  largest  in  France, 
bauxite  was  the  source  of  the  double  chloride  of  aluminium  and 
sodium.  It  had  to  be  first  converted  into  aluminium  hydrate,  which 
was  heated  alone  to  150°  C,  and  then  converted  into  the  double 
chloride  by  ignition  with  salt  and  carbon  in  a  stream  of  chlorine  gas. 

The  production  of  the  pure  hydrate  from  bauxite  was  eflFected  by 
fusing  it  with  soda  to  form  sodium  aluminate,  lixiviating  this  com- 
pound with  water,  and  treating  the  solution  with  carbon  dioxide, 
which  threw  down  aluminium  hydrate.  For  this  purpose  bauxite  was 
powdered  and  intimately  mixed  with  soda,  and  the  mixture  fused  in 
a  reverberatory  furnace  of  the  Leblanc-soda  pattern.  (A  charge 
consisted  of  9  J  cwt.  of  bauxite  and  6  cwt.  of  soda,  and  was  heated 
five  or  six  hours.)  Thus  the  alumina  became  converted  into  sodium 
aluminate,  while  the  iron  oxide  was  unattacked. 

The  aluminate  was  washed  out  by  water  in  cylindrical  vessels  of 
iron  plate,  with  double  bottoms  and  linen  filters.  The  liquid  was 
transferred  to  special  vessels,  each  holding  264  gallons,  and  there 
treated  with  carbon  dioxide  obtained  from  chalk  and  hydrochloric 
acid.  Sodium  carbonate  was  formed  and  remained  in  solution,  while 
hydrate  of  alumina  was  precipitated.  The  vessels  were  provided 
with  agitators,  and  had  double  bottoms,  through  which  steam  was 
led  during  the  precipitation  for  five  or  six  hours :  the  temperature 
was  kept  up  to  70°  C. 

The  precipitate  and  the  solution  were  brought  into  a  special 
vessel,  in  which  the  former  subsided  and  the  liquid  was  poured  otF. 
The  hydrate  was  ready  to  be  converted  into  chloride  after  repeated 
washings.  It  then  contained  47-5  per  cent,  of  alumina,  50  per  cent 
of  water,  and  2'5  per  cent,  of  sodium  carbonate. 

The  solution  of  sodium  carbonate  separated  fix)m  the  precipitate 
was  evaporated  down  and  used  again  to  convert  bauxite  into  sodium 
aluminate. 

The  hydrate  of  aluminium  was  next  mixed  with  sodium  chloride 
and  finely-powdered  wood  charcoal,  and  the  mixture  made  into  balls 
the  size  of  the  fist,  with  a  little  water,  and  dried  at  150°  G. 
The  dried  balls  were  placed  in  a  vertical  retort  of  fireclay,  and 
heated  to  a  white  heat  in  a  current  of  chlorine.  The  volatile  double 
chloride  of  sodium  and  aluminium  was  thus  produced,  and  was 
collected  in  condensing  chambers  attached  to  the  retort,  while  the 
carbon  monoxide  formed,  and  the  excess  of  chlorine,  passed  ofi 
through  a  chimney. 

The  arrangement  of  the  apparatus  can  be  seen  in  Fig.  496.  B  is 
the  retort,  F  the  grate,  F  the  fire-bridge  ;  n,  n,  are  the  flues,  0  is  the 
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opening  to  admit  chlorine,  which  enters  the  retort  by  a  porcelain 
tube ;  L  is  the  condensing  chamber  for  the  double  chloride,  furnished 
with  a  movable  cover  M.  Sometimes  large  earthen  pots  were  used 
instead  of  this  chamber,  with  covers  well  luted  down.  The  incon- 
densible  vapours  were  led  through  a  tube  in  the  cover  into 
chimney  flues.  The  balls  were  placed  in  the  retort  through 
the  opening  Z,  closed  by  a  cover.  The  residue  after  firing  was 
removed  by  an  opening  V  in  the  bottom  of  the  retort,  closed  by  a 
brick  slab,  forced  upwards  by  means  of  a  screw. 

After  the  balls  had  been  put  into  the  retort,  heat  was  applied  to 
remove  water  from  the  aluminium  hydrate  ;  after  it  had  passed  off. 


Fuj.  490. 


chlorine  was  led  through  and  the  temperature  raised  gradually  to  a 
white  heat.  Chlorine  was  absorbed  during  the  whole  operation,  and 
the  double  chloride  appeared  in  the  condensing  chamber  as  a 
crystalline  mass  with  a  yellow  colour  (due  to  ferric  and  ferrous 
chlorides).     The  reaction  is  shown  in  the  following  equation — 

AlA + 2NaCl  +  3C  +  SClg  =  SCO  +  k\C\^,  2NaCL 

One  distillation  lasted  12  hours.  Towards  the  close  the  absorption 
of  chlorine  became  irregular. 

The  separation  of  aluminium  from  the  double  chloride  took  place 
with  the  assistance  of  cryolite  as  a  flux.     This  was  necessary  to  aid 
the  small  portions  of  separated  metal  to  run  together.     The  mixture 
VOL.  11  3   F 
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consisted  of  220  lbs.  of  the  chloride,  100  lbs.  of  cryolite,  77  lbs.  of 
sodium.  The  first  two  were  in  the  form  of  powder,  the  sodium  in  pieces 
about  yV  to  J  of  a  cubic  inch.  The  mass,  divided  into  four  portions, 
was  charged  into  a  reverberatory  furnace  with  a  well  and  sloping  bed 
at  a  low  red  heat.  The  heat  was  regularly  increased  for  three  hours, 
after  which  the  separation  was  complete,  and  the  tapping  was  pro- 
ceeded with.  First,  the  slag  was  run  into  iron  waggons,  then  the 
aluminium  into  heated  cast-iron  ladles,  and,  lastly,  a  mixture  of 
sodium  chloride  and  cryolite  containing  small  portions  of  aluDiinium 
was  tapped  into  another  cast-ii'on  ladle.  To  cast  it  into  bars  the 
aluminium  was  poured  into  small  cast-iron  moulds ;  the  grains  of 
aluminium  separated  out  from  the  mixture  tapped  last. 

The  sodium  was  produced  by  heating  a  mixture  of  sodium 
carbonate,  coal  and  calcium  carbonate  in  iron  tubes. 

In  1882  the  cost  of  production  of  aluminium  by  this  process  was 
about  thirty  shillings  a  pound  (80  fr.  per  kg.)}  The  market  price  in 
Berlin  in  1885  was  about  £2  185.  per  poimd  (130  m.  per  kg.).  At 
present  it  is  made  by  the  electric  process  at  less  than  one  shilling  a 
pound  (2  m.  per  kg.). 

The  Process  of  DevUle  and  Castner. 

This  is  the  Deville  process  improved  by  J.  Castner.  The  improve- 
ments consist  in  a  cheaper  production  of  alumina  and  of  sodium, 
in  making  chlorine  by  the  Weldon  process,  in  producing  the  double 
chloride  free  from  iron,  and  in  using  plant  of  greater  capacity  t*> 
make  and  to  reduce  the  chloride.  The  process  was  carried  out  at 
Oldbury,  near  Birmingham,  and  brought  down  the  cost  of  production 
to  about  twenty  shillings  per  pound  (44s.  per  kg.).  It  has  alsi» 
been  replaced  by  the  electrical  method,  and  has  gone  out  of  use. 

The  alumina  was  made  from  alum  by  Webster's  process.*  The 
alum  was  mixed  with  tar  and  ignited.  The  mass,  after  ignition,  was 
treated  with  hydrochloric  acid  to  decompose  any  sulphides  produced, 
then  mixed  with  powdered  wood  charcoal  and  ignited  in  a  retort  in  a 
current  of  steam  and  air.  After  this  ignition  the  mass  was  lixiviattnl 
with  water,  potassium  sulphate  went  into  solution,  and  alumina 
remained  behind. 

The  double  chloride  was  made  in  clay  retorts  10  feet  long,  five  (»f 
which  w^ere  enclosed  in  a  reverberatory  gas-fired  furnace  of  the  re- 
generative type ;  the  process  was  similar  to  Deville's.  Chlorine  was 
made  by  Weldon's  process  in  a  neighbouring  works,  and  led  in  t*^  a 

^  Wiir/,  Wafpier's  Jahrcsbericht ,  1882,  122. 
*   }VafftierM  JahreHhericht,  1883,  p.  153. 
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gasometer  by  earthenware  pipes;  it  passed  from  this  at  constant 
pressure  into  the  retort.  Castner  had  a  process,  kept  secret,  for 
removing  the  chlorides  of  iron  down  to  0*01  per  cent,  from  the  double 
chloride,  whereas  originally  its  admixture  gave  the  substance  a  pale 
yellow,  or  even  dark  red,  colour,  and  caused  the  aluminium  produced 
to  contain  as  much  as  5  per  cent,  of  iron. 

In  Castner's  process^  sodium  was  made  from  caustic  soda  and 
carbide  of  iron,  which  latter  was  produced  by  heating  ferric  oxide 
with  pitch  (70  parts  iron  to  30  of  carbon).  According  to  Roscoe  the 
iron  of  this  compound  does  not  enter  into  the  reaction,  which  takes 
phice  in  accordance  with  the  equation : — 

3NaOH+C  =  Na2CO,+3fl  +  Na. 

The  great  advantage  of  this  method  for  obtaining  sodium  is  that 
the  caustic  soda  is  kept  in  the  fused  state  by  the  reaction,  which  is 
not  the  case  when  ordinary  soda  is  used.  Further,  if  soda-ash  is 
used,  vessels  of  very  small  diameter  must  be  employed  to  keep  up 
the  temperature  necessary  for  reduction.  In  Castner  s  process  egg- 
shaped  steel  vessels,  2  feet  long,  and  IJ  feet  in  greatest  diameter, 
were  used  for  the  decomposition ;  they  held  80  lb.  charges.  The 
covers  of  these  were  fixed,  while  the  vessels  themselves,  which  stood 
on  a  movable  plate  closing  the  furnace  bottom,  could  be  forced 
upwards  to  the  covers  by  hydraulic  pressure,  making  an  air-tight 
joint. 

The  vapours  of  sodium  were  led  through  a  tube  in  the  cover  of 

each  vessel  into  a  special  inclined  cylindrical  condenser,  3|^  feet  long 

and  5  inches  in  diameter.     The  condensed  sodium  flowed  through  an 

opening  three-quarters  way  down  this  condenser  into  a  vessel  filled 

to    a    certain   height   with  petroleum,   in  which  it  solidified.     The 

incondensible  gases  passed    out    at  an    opening  at  the  end  of  the 

cylinder.     The  distillation  lasted  1  or  2  hours.     During  this  time 

about  7  lbs.  of  sodium  collected  in  the  receptacle.     From  560  lbs. 

of  soda,  67  lbs.  of  sodium  and  540  lbs.  of  sodium    carbonate  were 

obtained;  the   latter   was  reconverted   into   caustic  soda   by    lime. 

The  decomposition  of  aluminium-sodium  chloride  by  sodium  was 

carried  on  in  gas-fired  reverberatory  furnaces  with  sloping  hearths 

6  feet  square.  To  11  cwts.  of  double  chloride  5^  cwts.  of  cryolite  were 

added,  and  then  350  lbs.  of  sodium  cut  into  slices  by  a  machine ; 

the  whole  was  then  intimately  mixed  in  drums.     From  this  charge 

a  little  more  than  1  cwt.  of  99  per  cent,  aluminium  was  obtained ; 

the  impurities  were  a  few  tenths  per  cent,  of  silicon  and  iron. 

•^  (^er.  Pat.,  No.  40415. 

3  V  2 
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Netto's  Process. 


This  produces  metallic  alum  inium  by  decomposing  cr)'olite  with 
sodium ;  the  latter  is  obtained  by  reducing  caustic  soda  with  coal. 
It  used  to  be  practised  at  Wallsend,  near  Newcastle-on-Tyiie,  but 
has  been  given  up. 

About  200  lbs.  of  cryolite  and  100  of  salt  were  fused  together  for 
1|  hours  in  a  reverberatory  furnace,  and  the  fused  mass  transferred 
to  a  converter,  previously  warmed.  Then  sodium,  in  lumps  of  about 
6 J  lbs.  weight,  was  pressed  down  to  the  bottom  of  the  converter, 
by  two  workmen,  with  a  plunger,  until  about  44  lbs.  of  sodium  had 
been  put  in.  The  sodium  decomposed  the  cryolite,  setting  aluminium 
free  and  forming  sodium  fluoride,  which  passed  for  the  most  part 
into  the  slag,  a  small  quantity  being  given  off  as  white  fumes.  During 
the  action  the  mass,  which  was  syrupy  to  begin  with,  became  quite 
liquid,  and  aluminium  collected  at  the  bottom  of  the  converter. 

Although  the  specific  gravity  of  solid  cryolite  is  3,  and  that  of 
solid  aluminium  only  2*7,  molten  aluminium,  nevertheless,  sinks  in 
molten  cryolite,  because  cryolite  expands  very  considerably  in  melting, 
and  so  becomes  lighter,  whereas  aluminium  expands  very  little. 

The  slag  was  poured  into  a  special  iron  vessel,  and  then  the 
aluminium  into  another,  also  of  iron,  in  which  it  solidified.  From 
40  lbs.  of  sodium,  10  lbs.  of  aluminium  were  obtained.  The  slag  con- 
tained 40  per  cent,  of  sodium  fluoride,  43  per  cent,  of  sodium  chloride, 
15  per  cent,  of  cryolite,  0*75  per  cent,  of  metallic  aluminium  and  a 
small  quantity  of  alumina.  If  a  metal  free  from  iron  and  silicon  was 
desired,  the  sodium  added  was  only  one-third  of  that  necessary  to 
decompose  the  cryolite.  Then  iron  and  silicon  were  reduced  at  the 
same  time  as  aluminium  and  taken  up  by  the  metal.  The  fused 
mass  was  separated  from  these  metals  by  pouring  it  into  a  second 
converter,  where  metal  with  98  to  99  per  cent,  of  aluminium  was 
obtained  by  the  further  addition  of  sodium. 

The  075  per  cent,  of  the  metal  in  the  slag  was  removed  by 
copper,  and  formed  aluminium  bronze.  The  slag  was  then  worked  up 
into  cryolite  and  Glauber  s  salt,  by  the  addition  of  aluminium  sulphate. 

The  following  reaction  took  place  : — 

12NaF+ Al2(SO,)3  =  AlgF^,6NaF+3Na5SO,. 

The  sodium  sulphate  was  washed  out  of  the  fused  mass,  and 
cryolite  remained  as  residue. 

To  make  the  sodium..  Netto  allowed  fused  caustic  soda  to  dri>p 
on  a  layer  of  red-hot  coke  which  was  at  the  bottom  of  an  upright 
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cylindrical  retort  of  cast-iron  or  cast-steel,  covered  by  a  jacket  of 
clay.  Part  of  the  soda  was  reduced  to  sodium  in  the  state  of  vapour, 
the  remainder  forming  sodium  carbonate.  The  vapours  of  sodium 
were  condensed  in  receivers  attached  to  the  upper  part  of  the  retort, 
and  collected  in  a  vessel  containing  oil.  The  sodium  carbonate  in  a 
fluid  state  collected  at  the  bottom  of  the  retort  and  was  tapped  off 
from  time  to  time.  To  produce  I  lb.  of  sodium  and  9  lbs.  of  soda 
slag  containing  60  per  cent,  carbonate,  6  lbs.  of  caustic  soda,  12  of 
coke,  and  IJ  of  wood  charcoal  were  required,  the  retort  consumption 
being  equal  to  1*2  lbs.  of  cast-iron. 

This  process  of  Netto,  although   carefully  thought  out,  cannot 
possibly  compete  with  the  electrolytic  method. 


Grahau's  Process} 

This  consists  in  decomposing  aluminium  fluoride  (AljF^)  with 
sodium  according  to  the  equation  : — 

2Al2Ffl-|-6Na=  2A1+ Al2Fg,6NaF. 

Thus  besides  the  metal  an  artificial  cryolite  is  obtained  which  is 
used  to  make  aluminium  fluoride.  This  is  made  by  heating 
aluminium  sulphate  and  cryolite,  thus  : 

Al2(SO,)3  -h  AlgF^GNaF  =  2  Al^F^, + SNaaSO,. 

After  drying  and  igniting  the  whole,  the  sodium  sulphate  is  washed 
out  and  the  residue  of  aluminium  fluoride  is  ready  for  the  metal- 
lurgical process. 

The  arrangements  for  carrying  out  this  process  are  to  be  seen  in 
Figs.  497  and  498.^  x  and  y  are  vessels  for  the  heating  of  the 
substances  used.  They  are  made  of  cast-iron  and  lined  with 
fire-clay.  In  x  the  aluminium  fluoride  is  warmed,  in  y  the 
sodium  is  melted,  x  is  closed  by  a  sliding  piece  v  at  its  lower  end, 
y  has  a  stopcock  L  R  is  the  fire-place,  Z,  Z,  are  the  flues,  W  the 
lower  part  of  the  chimney.  M  is  the  vessel  for  the  reduction,  hung 
on  trunnions.  It  is  formed  of  hollow  iron  walls  cooled  by  water  which 
passes  in  and  out  by  the  tubes  g^  g,  N  is  the  vessel  which  receives 
the  molten  mass  after  the  action,  and  is  likewise  jacketed  with  watiT 
which  flows  in  and  out  at  g\  g\ 

When  the  process  is  started  x  is  filled    with  aluminium  fluoride 

'  (Jer.  Pats.,  Nos.  47031,  48535,  51898. 

-  Dammer,  Chem,  Technolotfie.     Vol.  ii,  {Afeldilurfjie),  p.  217, 
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(or  cryolite  if  it  is  an  initial  process)  and  y  with  sodium.  When  the 
fluoride  is  red-hot  (which  is  known  by  its  giving  off  white  fumes), 
the  sodium  is  tapped  into  the  vessel  M  by  turning  the  stop-cock  t 
Then  the  slide  v  is  drawn  out  and  the  powdered  fluoride  falls  also 
into  the  vessel,  where  it  collects  upon  and  covers  the  molten 
sodium.  The  action  which  at  once  begins,  disengages  so  much  heat 
that  the  fluoride  is  melted.     The  length  of  time  needed  is  only  some 


Fiu.  497. 


Fig.  498. 


seconds.  Aluminium  collects  at  the  bottom  of  the  pot.  This  is 
tipped  up  and  its  fluid  contents  emptied  into  the  receiver  K 

In  this  method  more  than  90  per  cent,  of  the  sodium  is  made  use 
of.  It  is  made  electrolytically  from  common  salt,  and  chlorine 
obtained  as  a  by-product.^ 

The  process  has  not  been  an  economic  success,  in  spite  of  the 
fact  that  it  is  well  thought  out,  and  is  the  best  of  all  those  for  which 
sodium  is  necessary,  on  account  of  the  low  cost  of  production  of  that 
metal. 

Bcketoff^  used  magnesium  instead  of  sodium  for  the  extraction  of 
aluminium  from  cryolite.  This  process  was  carried  on  for  some  time 
in  certain  works,  eg,  in  Hemelingen,  but  has  been  abandoned. 


R    The  Extkaction  of  Aluminium  by  Reduction  of  Alumina. 

The  alumina  is  reduced  to  metal  by  carbon  at  a  temperature  so 
high  that  the  electric  current  must  be  used.  This  method  was  firj^t 
proposed  by  Monkton^  in  1862,  at  a  time  when  dynamos  had  not 
been  invented  and  when  electrical  energy  was  not  cheaply  obtjiincnl. 
The  reductibility  of  alumina  by  carbon  has  often  been  questioned. 

1  (Jer.  Pat.,  October  8,  1889,  No.  51898. 
-  Jahre^bcrichf  dtr  Chemity  1865. 
'  Kng.  Pat.,  1862,  No.  264, 
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Borchers  ^  has  obtained  proof  that  the  alumina  i«  reduced  to 
' metal  by  the  electrically  heated  carbon  by  means  of  a  simple 
experiment,  which  is  described  below. 

A  thin  carbon  pencil  W^(Fig.  499)  of  about  one-eighth  of  an  inch 
in  diameter  and  two  inches  long,  is  made  fast  between  two  strong 
sticks  of  carbon  K  one  inch  or  one  and  a  quarter  inch  in  diameter. 
This  pencil  passes  lengthwise  through  a  small  cylindrical  paper  shell 
P,  filled  with  an  intimate  mixture  M  of  alumina  and  charcoal 
(obtained  by  repeated  mixing  and  igniting  aluminium  hydrate  and 
tar).  Two  small  cork  discs  close  the  ends  of  the  cartridge.  After 
the  latter  is  well  covered  by  coarsely-powdered  wood  charcoal,  the 
whole  arrangement  is  put  into  a  circuit  in  which  a  currettt  of  35 
to  40  amperes  is  passing,  and  remains  there  two  or  three  minutes. 


Fio.  4^9. 


The  cartridge  thus  heated  is  then  cooled  to  a  convenient  temperature, 
and  when  the  charcoal  powder  has  been  removed  the  centnil  pencil  is 
found  to  be  covered  with  a  sintered  mass,  which  consists  of  aluminium 
strongly  impregnated  with  carbon.  The  absolute  impossibility  that 
a  spark  should  be  produced  in  this  experiment  will  be  quite  obvious, 
and  there  can  be  no  possibility  of  electrolytic  decomposition  as  long  as 
there  is  no  break  in  the  current  within  the  mixture.  It  need  hardly 
be  mentioned  that  if  copper  or  copper  oxide  be  added  to  the  mixture 
aluminium  bronze  will  be  produced.  With  this  simple  arrangement 
it  is  an  easy  matter  to  show  by  experiment  that  every  metallic  oxide 
is  reduced  by  carbon  at  a  sufficiently  high  temperature.^ 

To  obtain  the  temperature  needful  for  reduction,  Borchers  passed 
a  current  of  35  to  40  amperes  through  his  carbon  pencil  (J  of  an 
inch  in  diameter),  so  that  the  current  density  was  from  5  to  6 
iimperes  per  square  millimetre.     Borchers  maintains  that  twice  that 

'  Elektronielaliuryie,  p.  97. 
•-•  J[ljid,,  p.  102. 
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density  will  suffice  in  the  most  obstinate  cases.  The  KM.F. 
requisite  for  the  passage  of  1  ampere  through  a  carbon  pencil  1 
mm.  long  is  0'3  to  04  volt,  the  current  density  being  6  to  10  amperes 
per  square  millimetre. 

It  is  not  possible  however  to  obtain  aluminium  suitable  for 
technical  use  by  the  reduction  of  alumina  with  carbon,  since  alumin- 
ium carbide,  C3AI4,  is  the  chief  product  of  that  reaction  (Moissan). 
Hence  the  preparation  of  aluminium  in  this  way  has  never 
attained  any  practical  importance,  despite  numerous  endeavours. 
The  method  however  has  been  used  for  the  production  of  aluminiuui 
alloys. 

The  brothers  Cowles  in  1884  were  the  first  to  prepare  these 
alloys  on  a  large  scale  after  they  had  failed  in  attempting  the  extrac- 
tion of  aluminium  itself.  Their  method  consisted  in  heating  in 
their  electric  furnace  a  mixture  of  alumina,  carbon  and  the  metal  or 
the  oxide  of  the  metal  needed  in  the  alloy.  The  alumina  was 
reduced  by  the  electrically  heated  carbon  and  the  aluminium  then 
alloyed  with  the  metal  present.  The  latter  was  also  reduced  from 
its  oxide  in  case  that  had  been  added.  Further  description  of  this 
process  and  the  furnace  used  will  be  found  under  the  head,  "  The 
Production  of  Aluminium  Alloys." 


2.   THE   ELECTROMETALLURGICAL   PRODUCTION   OF  ALUMINIUM. 

This  has  not  been  possible  hitherto  with  aqueous  solutions,  ven 
small  quantities  of  metal  being  obtained  in  this  way.  None  of  the 
many  proposals  made  in  Borchers'  JBlektrometallurgu,  p.  104,  ha.^ 
come  into  use. 

In  the  present  state  of  technological  knowledge,  aluminium 
must  be  obtained  by  electrolysing  fused  compounds.  Of  such  com- 
pounds, alumina,  halides  of  aluminium  and  aluminium  sulphide  have 
thus  far  received  consideration ;  and  definite  use  has  been  made  onh 
of  solutions  of  alumina  in  molten  halides  of  the  alkali  metals,  of  tht 
alkali  earths  and  of  aluminium  itself.  In  these  operations  the  heat 
required  to  melt  and  to  keep  the  materials  in  the  molten  condition 
is  supplied  by  the  current  itself  The  cost  of  production  ••! 
aluminium  in  this  way  has  been  so  much  reduced,  that  niethi*'^ 
founded  upon  the  decomposition  of  aluminium  halides  with  sodium 
and  magnesium  have  not  been  able  to  compete  successfully  and  hav- 
thus  gone  out  of  use.  The  first  experiment  of  the  kind  was  made  h} 
Bunsen  and  Deville  in  1854. 
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Bunsen  decomposed  aluminium-sodium  chloride  fused  at  200°C. 
in  a  porcelain  crucible.  This  was  divided  into  two  parts  by  a  porcelain 
partition  extending  nearly  to  the  bottom,  and  each  part  contained  a 
carbon  electrode.  The  carbon  plate  forming  the  anode  was  plain, 
but  that  forming  the  cathode  was  concave  and  had  horizontal 
saw-like  depressions  in  which  the  molten  metal  collected.  At  a  low 
temperature  aluminium  separated  as  powder.  To  avoid  this  undesir- 
able result  the  temperature  was  raised  to  that  of  the  melting  point 
of  silver,  and  common  salt  was  introduced  into  the  crucible. 

Buttons  of  aluminium  were  then  obtained  in  these  depressions,  and 
they  were  put  into  strongly  heated  molten  salt,  where  they  united. 

Deville  decomposed  the  double  chloride  of  aluminium  and  sodium 
similarly,  using   however  a   platinum 
cathode   instead   of  carbon.     His  ap- 
paratus is  shown  in  Fig.  500.^ 

ZT  is  a  Hessian  crucible  in  which  is 
placed  a  porcelain  one  P.  D  is  the 
cover,  through  which  passes  the 
cathode  K,  a  strip  of  platinum.  The 
cover  is  also  pierced  by  a  porous  clay 
cell  J?,  which  contains  the  anode  Ay  a 
piece  of  gas-coke,  hanging  in  it.  The 
crucible  and  the  porous  cell  were  filled 
to  the  same  level  with  the  fused  double 
chloride,  and  then  the  current  was 
passed.  Aluminium  mixed  with  salt 
formed  a  deposit  on  the  cathode,  and 
was  removed  from  time  to  time  by 
lifting  the   strip   of  platinum  out   of 

the  crucible.     The  mixture  of  metal  and  salt  was  remelted,  and  a 
button  obtained. 

Attempts  to  manufacture  aluminium  upon  these  lines  were  beset 
by  insuperable  obstacles.  No  material  could  be  found  suitable  for 
making  vessels  for  fusing  and  electrolysing,  for  when  the  vessels  were 
heated  from  the  outside,  all  that  were  tried  were  acted  on  by  the 
fused  haloid  salts,  or  by  the  metal  itself,  at  the  high  temperature, 
and  impure  aluminium  resulted.  Crucibles  of  siliceous  material 
caused  silicon  to  pass  into  the  aluminium.  Clay  and  graphite  were 
attacked  by  the  double  chloride.  Compressed  coke  crucibles  were  so 
j)orous  that  they  could  not  be  heated  unless  surroimded  by  thick 
jackets.  Metal  vessels  could  not  stand  the  temperature,  they  were 
'  liorchers,  EltktromelalbmjUy  p.  114. 


Fio.  500. 
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attacked  by  their  molten  contents  and  thus  alloyed  with  the 
aluminium. 

The  one  thing  to  be  done  to  make  the  process  possible  was  to 
generate  the  heat  within  the  vessels,  by  means  of  an  electric  current. 
When  this  was  done  the  production  of  aluminium  on  a  large  scale 
became  possible. 

The  production  of  heat  by  the  current  itself  may  be  effected  by 
allowing  an  electric  arc  to  be  formed  within  the  containing  vessels,  or 
by  placing  the  materials  to  be  fused  and  decomposed  as  resisting 
media  in  the  circuit.  The  latter  method  has  proved  far  more 
profitable  than  producing  an  electric  arc.  This,  even  when  weak,  hsus 
a  far  higher  temperature  than  is  necessary  to  fuse  and  keep  liquid 
aluminium  compounds,  so  that  a  great  part  of  the  heat  produced  is 
wasted.  Further,  its  effect  is  concentrated  into  so  small  a  space  that 
it  becomes  difficult  to  heat  a  large  quantity  of  the  aluminium 
compound  at  all  evenly. 

These  objections  do  not  apply  to  the  generation  of  heat  by  the 
resistance  of  aluminium  compounds  in  the  circuit.  The  heat 
developed  by  the  resistance  of  these  in  the  fused  condition  is  great 
enough  to  fuse,  and  keep  liquid,  substances  of  high  melting  point 
if  a  suitable  current  is  employed.  Moreover  the  electrolyte  will 
become  heated  uniformly,  even  though  the  electrodes  dipping  into  the 
fused  material  possess  a  smaller  area  than  the  section  of  the  cell. 
This  second  method  of  heating  is  consequently  chiefly  employed  at 
present. 

It  was  first  suggested  by  Bradley  in  1883.^ 

It  was  first  applied  to  the  production  of  alloys  of  aluminium  from 
its  fused  compounds,  and  so  used  by  the  brothers  Cowles  as  early  as 
1884,  and  in  1886  by  H^roult. 

The  brothers  Cowles  led  the  current  through  a  mixture  of  alumina 
and  coal,  while  Heroult  melted  alumina  alone  and  electrolysed  it 
without  coal.  In  both  cases  aluminium  was  separated  and  alloyed 
with  copper. 

The  action  of  the  current  in  Cowles'  process  was  mainly  electro- 
thermal, in  Heroult's  process  it  was  first  electrothermal  and  then 
electrolytic. 

The  original  furnace  of  Heroult,  as  used  for  the  preparation  of 
aluminium  alloys  at  Neuhausen,  in  Switzerland,  is  also  suitable  for 
the  prcparati<m  of  ahmiinium.  Its  arrangement  is  shown  in  Figs. 
501,  502.- 

»  U.S.  Pat.,  Decemljer  8,  1891,  No.  464933. 
•^  JScktctiztr  BauztUumj,  1888,  t28. 
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The  vessel  in  which  the  fusion  and  decomposition  take  place  is  a 
cast-iron  box  a  which  is  provided  with  a  stong  lining  of  carbon  plates  A, 
These  are  cemented  together  by  tar,  synip  or  Isevulose.  To  bring 
this  lining  into  contact  as  close  as  possible  with  the  iron,  the  latter 
is  cast  round  it.  When  cooled  the  metal  firmly  adheres  to  the 
lining.  The  box  itself  is  made  the  negative  terminal  by  the  copper 
rod  ay     The  positive  terminal  consists  of  a  series  of  carbon  plates 


Fk;.  oOl. 
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/',  ftp  ^2,  etc.,  which  dip  into  the  vessel.  These  plates  are  either  firmly 
attached  to  each  other,  or  the  spaces  left  between  them  are  filled 
with  a  conducting  body,  copper  or  soft  coal.  At  the  upper  end  they 
an»  held  together  by  the  framework  g,  at  the  middle  by  the  frame- 
work U.  The  former  has  an  eye  c  to  which  a  chain  can  be  fastened 
and  by  which  the  electrode  can  be  put  into  position  and  raised  and 
lowered  at  will.     The  current  is  led  to  the  framew^ork  A. 

The  box  is  closed  at  the  top  by  graphite  plates,  in  which  are 
variou.s  openings,  i,  w,  m ;  i  is  the  space  to  admit  the  anode,  n  and 
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m  are  openings  for  charging  and  to  let  out  gases.  These  have  plak\s 
for  covers  (o  and  Oj)  provided  with  handles.  The  space  between  the 
upper  edges  of  the  box  and  the  graphite  top  is  filled  with  powdered 
wood  charcoal.  A  taphole  c  enters  the  box  at  the  deepest  part  of 
the  bottom,  and  through  this  the  aluminium  alloy  is  tapped  into  the 
mould  t,  lined  with  charcoal,  which  produces  the  alloy  in  the  form 
of  a  rectangular  block.  The  taphole  c  is  closed  with  a  stick  of 
charcoal  e  provided  with  a  handle  d. 

The  working  is  as  follows :  Finely  divided  copper  is  sprinkled 
on  the  bottom  of  the  vessel,  the  anode  is  dropped  in,  the  circuit 
closed,  and  the  copper  melted  by  the  electric  arc.  The  alumina 
is  placed  on  top  of  this  copper,  which  noiw  acts  as  the  cathode.  The 
alumina  melts,  becomes  a  conductor,  and  is  consequently  split  up 
by  the  current  into  aluminium  and  oxygen.  The  former  passes  into 
the  copper  and  forms  aluminium  bronze,  while  oxygen  goes  to  the 
anode  and  forms  carbon  monoxide  with  the  carbon.  This  gas  passes 
away  through  the  openings.  The  alloy  is  tapped  out  from  time  t«) 
time,  and  the  anode  at  the  same  time  lifted  out,  while  copper  and 
alumina  are  added  when  necessary.  The  anode  can  be  raised  or 
lowered  according  to  the  resistance  wanted. 

The  current  used  is  13,000  amperes  working  with  a  difference 
of  potential  of  12  to  15  volts. 

Pure  aluminium  is  at  present  extracted  from  solutions  of 
alumina  in  wrought-iron  baths  strengthened  by  angle  irons,  the 
walls  of  the  bath  being  coated  with  the  solid  electrolyte.  This 
coating  protects  the  iron  from  the  corrosive  action  of  the  electrolyte, 
and  is  preferable  to  a  carbon  lining  since  the  latter  allows  of  the 
passage  of  the  molten  electrolyte  through  capillary  pores,  the  result 
being  that  the  bath  is  speedily  destroyed.  The  bottom  of  the  bath 
is  covered  with  carbon  plates  which  serve  as  cathodes  until  covered 
with  aluminium,  when  the  metal  acts  as  such.  The  anodes  are 
also  of  carbon.  Although  carbon-lined  baths  are  still  used,  it  is 
better  in  practice  to  restrict  the  use  of  that  element  to  such  places 
as,  for  instance,  the  bottom  of  the  bath,  where  its  presence  is  quite 
necessary. 

Water-cooled  metallic  cathodes  have  been  used,  but  their  use  on 
a  large  scale  is  now  given  up,  since  the  metal  is  attacked  by  thi 
electrolyte,  and  thus  impurities  arc  introduced  into  the  bath.  In 
addition,  the  carbon  used  as  cathode  conducts  heat  «is  well  as  niotal 
and  the  air  circulating  under  the  bath  promotes  sufficient  coi>lin^', 
the  temperature  of  the  molten  electrolyte  not  exceeding  TSO""  C. 

Since  the  carbon  electrodes  must  not  contain  too  much  mincnil 
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matter,  or  the.  electrolyte  and  the  aluminium  will  become  con- 
taminated, they  are  made  either  of  retort  graphite  with  at  most 
1  per  cent,  of  ash,  or  of  petroleum  coke  with  0*5  per  cent,  of  ash. 
The  latter  is  the  residue  left  on  the  distillation  of  petroleum.  These 
materials  are  powdered,  made  into  a  plastic  mass  with  soot,  pitch  or 
tar,  or  mixtures  of  these  bodies,  pressed  into  moulds,  and  then  heated 
until  the  hydrocarbons  are  volatilised  and  driven  off.  A  little 
alumina  is  added  in  making  the  plastic  mass,  so  that  the  electrodes 
are  not  burnt  away  in  the  process.  The  composition  of  the  mixture 
is,  according  to  Winterler  ^ : — 

80  parts  of  retort  graphite  or  petroleum  coke 
8       „        tar 

4  „        pitch 
3       „        soot 

5  „        alumina. 

These  electrodes  are  generally  made  at  the  aluminium  works. 
The  quantity  of  carbon  consumed  in  the  electrolytic  process  almost 
equals  that  of  aluminium  produced.  Molten  matter  is  withdrawn 
from  the  bath  either  by  tapping  or  by  ladling.  The  horizontal 
section  of  the  melting  area  is  30  inches  by  60  inches.  According  to 
Winterler  (op.  dt.)  the  best  size  of  the  bath  for  a  current  strength  of 
3,200  amperes  is  41  inches  long,  21  inches  wide,  and  12  inches  high. 

The  construction  of  a  modern  bath  used  for  working  on  a  com- 
mercial scale  is  shown  in  Figs.  503  to  506,^  where  d  is  the  bath  of 
the  above  dimensions,  g  the  stay  pieces,  i  the  cathode  carbons,  c  the 
anodes  held  in  the  cast-iron  clamps  b,  a  the  copper  bars  connected 
metallically  with  the  copper  leads  7?i  by  the  clamps  /.  The  copper 
leads  are  on  insulated  supports,  the  cathode  leads  are  screwed 
directly  on  to  the  iron  baths.  Air  circulates  under  the  bath  and 
around  the  sides,  and  the  cooling  set  up  thereby  causes  a  crust  of  the 
electrolyte  to  freeze  on  to  the  inner  surface  of  the  bath,  thus  prevent- 
ing the  corrosion  of  the  iron  by  the  molten  electrolyte.  F  is  the 
molten  electrolyte,  and  i  the  aluminium  coating  upon  the  carbons. 

The  anodes  are  kept  about  2^  inches  apart  from  the  cathodes,  the 
distance  being  regulated  every  two  hours  under  ordinary  working  con- 
ditions. The  anodes  are  6  inches  from  each  other.  If  closer  they  are 
comparatively  quickly  destroyed,  owing  to  the  development  of  heat,  if 
further  away  there  is  risk  of  the  electrolyte  freezing.  At  the  larger 
works  a  number  of  such  baths  is  kept  running  in  series,  reserve  baths 
being  arranged  so  that  individual  baths  may  be  cut  out  for  repairs 
*   Die  Alvminivm  Industrie,  Brunswick,  1903,  p.  56.  *  Op.  cit.,  p.  68. 
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and  cleaning,  without  disturbing  the  whole  plant.  An  arrangement 
to  effect  this  is  shown  in  Fig.  507.  The  aluminium  is  ladled  out 
every  two  days  with  an  iron  ladle. 


Fio.  508. 
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Hall's  bath  is  used  at  the  works  of  the  Pittsburg  Reduction  Co. 
This  is  represented  in  Fig.  508,  and  is  an  iron  vessel  lined  with 
carbon.  The  carbon  forms  the  cathode,  and  the  anodes  are  carbon 
rods  fastened  to  a  copper  rod.  The  anodes  must  be  sunk  deeper  in 
the  electrolyte  from  time  to  time.  Richards'  apparatus  used  at  the 
same  works  is  shown  in  Fig.  509.^ 

^  Aluminium,  J.  R.  Richards,  3r«l  e<l.,  London,  ISOC. 
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Minet's  apparatus  is  represented  in  Fig.  510>  It  is  a  metal 
crucible  lined  with  carbon,  the  metallic  part  V  being  hollow  to  allow 
of  the  circulation  of  air  or  water.  A  is  the  anode,  O  the  cathode,  and 
t  the  tapping  channel.  If  the  lining  be  thick  enough  and  the  cooling 
efficient,  the  temperature  of  the  sides  of  the  cnicible  can  be  brought 
below  500°  C,  so  that  the  crucible  may  be  made  of  aluminium. 
Nothing  is  known  as  to  the  practical  use  of  this  apparatus. 

Fig.  511  shows  a  cylindrical  carbon-lined  bath  which  was 
formerly  used  at  Neuhausen  and  at  Froges.  The  cathode  was  a 
metal  rod  protruding  through  the  lining,  and  the  anodes  were  made 
of  carbon  rods  bound  together  into  plate  form. 

In  1891  Kiliani,*  the  former  director  of  the  Aluminiuni-Industnc 
Co.,  patented  the  apparatus  shown  in  Fig.  512.  The  anodes  are 
revolvable ;  information  is  lacking  about  the  nature  of  the  cathodes 
and  the  lining.  The  bath  h  is  supported  on  the  columns  a.  The 
anode  e  is  connected  to  the  spindle/, and  can  be  raised  or  lowered  bv 
turning  the  handle  A^  which  actuates  the  worm  AA^  and  the  spur- 
wheel  g.  The  anode  is  revolved  by  means  of  the  worm  i  and  the 
spur-wheel  h  keyed  on  to  the  spindle.  The  current  enters  the  spindle 
by  a  brush  and  thence  passes  to  the  anode,  and  leaves  the  bath  through 
the  rod  c.    The  anode  is  kept  in  constant  relation  during  electrolysis. 

Kiliani's  successor,  Schindler,  patented  in  1896  the  bath  shown 
in  Figs.  513  to  517.'  The  anodes  A  are  surrounded  by  metal 
jackets  J?,  through  which  water  circulates;  A}  are  the  cathodes,  and 
B^  the  corresponding  coolers.  The  current  conduction  is  through 
these  metal  jackets.  If  the  cathodes  are  not  to  be  cooled,  the  plates 
F^  form  the  leads. 

An  experimental  apparatus  of  Borchers,*  with  which  good  results 
have  been  obtained,  is  shown  in  Fig.  518.  T  is  the  cylindrical 
electrolysing  bath.  This  has  iron  sides  and  a  clay  bottom,  and  is 
lined  (i^  with  alumina  or  some  other  difficultly  fusible  aluminium 
compound.  The  cathode  AT  is  a  steel  plate  laid  in  the  bottom  of  the 
bath,  and  protected  from  melting  by  the  copper  cooling  tube  R 
through  which  water  passes.  The  water  enters  R  through  the  pipe 
E,  rises  in  the  cooling  tube,  and  escapes  through  the  pipe  X.  The 
negative  cable  N  is  connected  to  R  by  the  clamp  V,  and  R  is  in 
metallic  connection  with  the  steel  plate  cathode.  A  is  the  carbon 
anode  connected  by  an  iron  clamp  with  an  iron  rod  which  is  bolte*l 

'  Dit  Gewinnung  des  Aluminiums,  p.  63. 

•  Ger.  Pat.,  1891,  No.  62851. 

-'  U.S.  Pat.,  15  Dec.,  1896,  No.  673041. 

*  tJUktrometaHurgie,  p.  143. 
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tightly  to  the  iron  plate  U.  The  current  enters  by  the  copper  nxl 
P  which  is  in  metallic  connection  with  the  above  iron  rod ;  the  bath 
is  insulated  by  the  clay  plate  J,  The  aluminium  is  tapped  at 
intervals  at  S,  and  run  into  the  mould  G,  and  the  gases  developed  in 
the  process  escape  through  openings  in  the  lid  D,  The  lining  is  not 
attacked  by  reason  of  the  cooling  by  air  of  the  sides  of  the  hath. 


Fio.  518. 


For  constant  working  at  high    current  densities,  it  is  advisable  to 
have  water  coolers  either  around  the  bath  or  in  the  lining. 

To  begin  the  operations  a  little  aluminium  is  laid  on  the  bottoni 
of  the  bath  and  melted  by  bringing  the  anode  near  the  cathode. 
The  molten  aluminium  now  forms  the  cathode.  The  electrolyte  i> 
then  added ;  this  melts  and  forms  a  liquid  layer,  separating  cathode 
from  anode.  It  is  decomposed  by  the  current  into  aluminium  and 
oxygen,  and  fresh  material  is  added  in  proportion  as  it  is  consumed. 
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Another  experimental  plant  of  Borchers^  for  use  with  higher 
fiiiTent  strengths  is  shown  in  Fig.  519.  The  cathode  is  made  of  coke 
and  is  cooled,  the  electrolyte  is  cryolite  also  cooled  by  surrounding  it 
with  a  sheet  copper  jacket. 

Mention  may  be  made  finally  of  the  Kleiner-Fiertz  bath  '^  which 
is  heated  by  the  electric  arc,  and  was  constructed  for  the  electrolysis 
of  alumina  dissolved  in  cryolite. 

The  construction  is  shown  in  Figs.  520  and  521.^  B  is  the  bath 
lined  with  bauxite  or  clay  and  filled  with  molten  cryolite ;  A  is  the 
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anode,  K  the  cathode,  both  of  which  can  be  placed  in  any  desired 
position.  The  movement  of  the  anode  is  regulated  by  a  weighted 
lever  and  a  solenoid,  the  latter  being  connected  with  a  piston  dipping 
into  water  which  governs  its  motion.  On  passing  the  cunent 
through,  aluminium  is  liberated  at  the  negative  electrode,  and  the 
electrolyte  is  replenished  by  absorption  of  alumina  from  the  lining. 
As  stated  above  the  electric  arc  is  expensive,  and  restricted  in  action 
to  its  immediate  neighbourhood.     The  molten  materials  readily  form 

J  Op.  cit.,  p.  144.  *^  Ger.  Pat.,  42,022.  »  Borchers,  op,  cit.,  p.  124. 
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crusts  with  the  cold  matter  around,  so  that  continuous  operation  is 
only  possible  with  extreme  difficulty.  This  apparatus  appears  there- 
fore not  to  have  come  into  practical  use. 

We  have  now  to  consider  the  extraction  of  aluminium  under 
three  heads. 

A.  By  the  electrolysis  of  alumina. 

-B.  By  the  electrolysis  of  aluminium  fluoride. 

C.  By  the  electrolysis  of  aluminium  sulphide. 

We  may  remark,  however,  that  the  details  of  processes  and  the 
economic  results  are  kept  secret,  so  that  the  author  has  been  forced 
in  the  following  account  to  restrict  himself  to  the  literature,  patent 
and  otherwise,  which  has  been  published  on  the  subject. 

A. — Th^  Production  of  Aluminium  Try  Electrolysis  of  Alumina, 

This  method  is  the  only  one  which  has  so  far  been  used  on  a 
large  scale.  The  alumina  is  dissolved  in  molten  cryolite,  and  the  loss 
of  fluorine  is  made  good  by  Euldition  of  aluminium  fluoride.  Haloid 
salts  of  the  alkali  metals  and  of  the  metals  of  the  alkali  earths  have 
also  been  proposed  as  solvents  in  place  of  cryolite. 

When  cryolite  is  used  as  solvent,  the  alumina,  melted  by  the  h«it 
of  the  current,  dissolves  in  the  cryolite,  and  becoming  a  conduet<jr 
thereby  is  decomposed  into  aluminium  and  oxygen.  The  aluminium 
is  liberated  at  the  cathode,  and  the  oxygen  unites  with  the  anod? 
carbon,  forming  carbon  monoxide.  The  decomposition  may  bo 
represented  thus : — 

Al,0^  =  Al,  +  Oi. 

As  the  aluminium  becomes  exhausted,  fresh  alumina  is  addetl. 
H^roult,  who,  with  the  assistance  of  Kiliani,  first  made  this  methcxl 
practicable  on  a  large  scale,  and  introduced  it  at  Neuhausen  in 
Switzerland,^  furnished  the  proof  that  alumina  is  decomposed  in  the 
above  way.^    This  view  is  now  shared  by  most  chemists. 

Another  view  of  the  reaction  maintained  by  Minet,  is  that  the 
aluminium  liberated  at  the  cathode  is  the  result  of  the  decomposition 
of  aluminium  fluoride,  the  fluorine  set  free  in  this  reaction  attacking 
the  alumina  with  liberation  of  oxygen  and  regeneration  of  aluminium 
fluoride,  thus : — 

Al|Oj  +  F  =  Al,F+Oi. 

The  alumina  and  the  cryolite  must  both  be  pure,  in  order  that 
pure  aluminium   may  be  produced.     The   loss  of  fluorine   during 

'  Millet y  op,  cit,  p.  68.  *  Ihith 
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electrolysis  is  best  made  good  by  addition  of  aluminium  fluoride  to 
the  bath. 

Pure  alumina  for  the  purposes  of  electrolysis  is  at  present  made 
from  bauxite.  It  may  also  be  prepared  by  treating  white  siliceous 
bauxite,  kaolin,  or  pipe-clay  with  sulphuric  acid,  and  by  igniting  the 
aluminium  sulphate  thus  produced  until  all  the  sulphuric  acid  is 
driven  oif.  It  has  been  proposed  to  heat  to  whiteness  bauxite 
containing  but  little  silicon  with  sodium  sulphate  and  coal.  In  this 
way  sodium  aluminate  is  formed,  and  this  may  be  treated  for  alumina 
in  the  usual  manner. 

Bauxite  is  a  hydrated  aluminium  sesquioxide,  containing  chiefly 
iron  and  silica  as  impurities.  The  alumina  is  extracted  as  sodium 
aluminate,  from  which  pure  aluminium  hydroxide  can  be  obtained 
and  the  latter  on  igniting  leaves  a  residue  of  alumina.  The  older 
method  of  treatment  was  to  heat  the  bauxite  with  soda  in  a 
reverberatory  furnace  until  the  mass  sintered.  This  converted  the 
iron  into  oxide,  and  the  aluminium  into  sodium  aluminate,  and  the 
latter  could  be  separated  from  the  silica  and  oxide  of  iron  by  solution 
in  water.  The  alumina  was  precipitated  from  the  solution  as  hydroxide 
by  carbon  dioxide,  and  the  soda  regenerated  thereby  was  used  again. 
After  filtering,  washing  and  drying  the  precipitate,  it  was  heated  to 
convert  into  it  alumina. 

In  the  newer  method  of  Bayer  sodium  aluminate  is  prepared  by 
the  treatment  of  bauxite  with  soda  solution  under  pressure,  and  the 
greater  part  of  the  alumina  precipitated  as  hydroxide  by  stirring 
the  solution  with  pure  aluminium  hydroxide.  This  process  requires 
less  expenditure  on  fuel,  wages  and  repairs  than  the  older  process,  and 
it  has  been  introduced  at  a  number  of  works. 

The  older  process,  or  the  smelting  process,  is  carried  out  as 
follows :  The  bauxite  is  finely  powdered  in  ball  mills  or  disintegrators, 
mixed  with  calcined  soda  in  the  proportion  of  3:1,^  and  heated  to 
bright  redness  for  two  to  three  hours  in  a  reverberatory  furnace  such  as 
is  used  for  the  preparation  of  soda  by  the  Leblanc  process.  The  mixture 
does  not  melt  properly  on  heating,  but  forms  a  soft  crumbly  mass, 
and  the  operation  is  over  when  a  test  taken  from  the  furnace  does 
not  effervesce  with  acids.  The  mass  is  now  lixiviated  with  warm 
water  in  sheet-iron  vats  as  in  BufF-Dunlop\s  process  for  the 
extraction  of  crude  soda  obtained  in  the  Leblanc  process.  The 
solution  of  sodium  aluminate  thus  obtained,  of  density  12°  B.,  is 
either  precipitated  by  carbon  dioxide  as  in  the  older  process,  or  it  is 
stirred  with  aluminium  hydroxide  as  in  Bayer  s  process. 
^  Winteler,  Die  AlumiiUuin  Induntrie,  p.  25. 
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Precipitation  with  carbon  dioxide  is  performed  at  70°  C  in  sheet- 
iron  vessels  of  about  250  gallons  capacity,  the  gas  being  derived 
either  from  the  waste  gases  of  the  reverberatories  or  by  burning 
limestone.  It  is  scrubbed  before  using.  The  soda  liquors  are 
decanted  from  the  precipitate  to  the  precipitating  vats  and 
evaporated  to  recover  the  soda ;  the  precipitate  is  washed,  dried  and 
ignited  in  a  muffle  or  reverberatory  furnace. 

The  most  suitable  furnace  for  this  purpose  is  the  sloping  rotating 
cylinder,  built  by  Fellner  and  Ziegler  of  Frankfort.  This  is  shown 
in  Figs.  522  and  523.  The  aluminium  hydroxide  is  charged  in  at  the 
upper  end  of  the  sheet-iron  cylinder,  lined  with  fire  brick,  and  is 
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withdrawn  as  alumina  through  a  door  in  the  brickwork  of  the  furnace 
at  the  lower  end.  Producer  gas  is  used  as  fuel.  This  passes  into  the 
furnace  through  a  pipe  at  the  lower  end  of  the  same,  and  the  air 
necessary  for  combustion  is  led  in  through  a  pipe  which  surrounds 
the  gas  pipe.  The  products  of  combustion  and  the  water  given  up 
by  the  aluminium  compound  escape  at  the  upper  end  of  the 
cylinder  into  a  flue,  whence  they  pass  to  the  stack. 

Winteler  ^  gives  the  following  working  results : — A  mixture  ot 
bauxite  and  calcined  soda  in  the  proportion  of  3 : 1  gave  a  soluble 
part  containing  281 7  per  cent,  of  AI2O3  and  0*24  per  cent,  of  silica. 
The  residue  contained  : — 


Sia, 
Al.Oj 

FeA 

CaO 

MgO 


264  per  cent. 
3-73        „ 


2:il2 
1-74 
0-7 

'  Op.  cit.,  p.  28. 
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One  hundred  parts  of  alumina  were  obtained  by  igniting  175 
parts  of  the  hydroxide 

Bay&i'8  process  consists  in  heating  bauxite  under  pressure  with 
strong  alkali  lye.  It  is  in  use  at  Lame  Harbour  in  Ireland ;  the 
bauxite  comes  from  County  Antrim,  and  contains : — 

AI2O3 56  per  cent. 

Fe^Og 3 

SiOj        12 

TiO.        3 

Rfii        26 

The  method  of  treatment  is  as  follows  ^ : — The  bauxite  is  pulver- 
ised in  disintegrators  until  it  passes  through  a  sieve  of  J-inch  mesh, 
and  is  then  heated  in  inclined  rotating  cylinders  at  such  a 
temperature  that  organic  matter  is  burnt  off  and  iron  converted  into 
oxide,  whilst  the  solubility  of  the  alumina  is  unaffected.  These 
cylinders  are  33  feet  long  and  3  feet  3  inches  in  diameter,  and  slope 
at  1  in  25.  The  ore  after  passing  through  these,  is  cooled  by  air  in 
a  cylinder  30  feet  long  and  2  feet  6  inches  in  diameter,  with  the 
same  inclination  as  the  last  one. 

The  construction  of  the  calcining  and  cooling  cylinders  will  be 
clear  from  Fig.  524.     The  cooled  material  is  transported  by  a  screw 


Fio.  524. 


to  the  disintegrator,  crushed  again  to  pass  through  a  sieve  with 
22  meshes  to  the  square  inch,  and  then  digested  with  soda  lye  of 
densitv  1*45  at  a  pressure  of  5  atmospheres  in  iron  pressure  vessels 
5  feet  in  diameter,  11  feet  6  inches  long,  and  06  inch  thick.  These 
are  heated  by  steam  which  is  first  blown  into  a  jacket  surrounding 
the  vessel,  and  then  into  the  inside  of  the  vessel  itself.    The  latter  is 

*  Engineering t  1896,  6?,  291.     Borchers,  Eltktrometdllurgie,  p.  152,     Winteler, 
Die  Aluminium  Jndmtrie,  p.  28, 
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fitted  with  agitators.  The  arrangement  of  the  pressure  vessel  is  seen 
in  Figs.  525  and  526.  After  the  charge  of  3  tons  of  material  has 
been  agitated  2  or  3  houre  it  is  forced  by  its  own  steam  pressure 
into  elevated  tanks  where  it  is  diluted  until  its  specific  gravity  is 
1*23,  and  then  put  through  a  filter  press.     The  filtrate  of  sodium 


\\i  Pressure  vessel   ^^Uam 


Condenser  tpaUrJj 


Figs.  525  and  536. 


Fig.  527. 


aluminate  solution  is  filtered  again  to  clear  it  completely.  The 
filters  are  lead-lined  boxes  each  containing  2  sieves  of  J-inch  mesh, 
covered  with  pulp  obtained  by  boiling  cellulose  with  water  until  it 
forms  a  thin  pap. 

The  clear  solution  is  now  agitated  for  36  hours  with  aluminium 
hydroxide  in  cylindrical  sheet-iron  vessels  20  feet  high  and  13  feet 
in  diameter.     The   arrangement   is   shown   in  Fig.   527.     By  this 
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treatment  70  per  cent,  of  the  alumina  in  solution  is  precipitated  as 
hydroxide.  After  this  has  settled,  the  clear  liquor  is  drawn  off  and 
the  precipitate  is  filtered  and  washed  in  a  press  at  5  atmospheres 
pressure.  The  cakes  of  the  hydroxide  thus  obtained  are  converted 
into  alumina  by  heating 
in  an  inclined  rotating 
cylinder  lined  with  mag- 
nesia and  heated  with 
producer  gas.  Although 
aluminium  hydroxide  loses 
its  water  at  a  compara- 
tively low  temperature,  it 
is  necessary  to  heat  it  to 
bright  redness  (1100°  C), 
otherwise  the  alumina  ab- 
sorbs water  from  the  air. 

The  clear  liquor  drawn 
off  from  the  aluminium 
hydroxide  is  concentrated 
in  vacuum  pans  until  its 
specific  gravity  rises  to 
1*45.  It  is  then  used  again 
in  the  process.  The  wash 
waters  from  the  filter  press 
serve  for  dissolving  caustic 
soda,  and  for  diluting 
sodium  alumina  te  solu- 
tions. 

The  plan  of  the  plant 
at  Lame  Harbour  is  given 
in  Fig.  528. 

Only  a  little  alumina 
escapes  solution  when 
finely  powdered  bauxite 
containing  a  little  silica  is 
treated.  It  combines  with 
some  dissolved  silica  and 
an    equivalent  of  soda  to 

form  the  insoluble  compound  NagOjAlgOg.SiOg-l-OHgO.  Red  French 
bauxite  containing  61  per  cent,  of  alumina,  and  3  per  cent,  of  silica 
yields,  according  to  Bayer,  59  per  cent,  of  alumina,  i.e,  95  per 
cent,  of  its  total  contents,  when  the  quantities  of  lye  and  bauxite 
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are  so  selected  that  the  ratio  of  Alfi^  to  NajO  in  solution  is  tis 
1  to  1*75  or  185.  It  was  mentioned  above  that  70  per  cent  of 
dissolved  alumina  is  precipitated  by  agitating  sodium  aluminate 
solution  with  aluminium  hydroxide.  The  ratio  of  Al^Oj  to  Na^O  in 
solution  in  this  case  is  as  1 : 6  or  1 : 8. 

According  to  Bayer,  when  880  gallons  of  sodium  aluminate 
containing  4340  grains  of  Alfi^  and  4950  grains  of  NagO  per  gallon 
{i,€.  about  6  and  7  per  cent,  respectively)  were  agitated  with 
aluminium  hydrate,  the  quantity  of  alumina  remaining  in  solution 
varied  with  the  time  as  follows  : — 


Period  of  agitation. 

Qoantity  of  alumina  in  solution. 

Hours. 

Grains  per  gallon. 

12 

3458 

24 

2785 

36 

2380 

48 

2030 

72 

1660 

84 

1246 

The  ratio  of  alumina  to  soda  (Na^O)  in  solution  at  the  end  of  this 
time  was  1 : 5"87. 

It  has  been  proposed  to  extract  alumina  from  bauxite  through  the 
sulphate.  The  bauxite  is  to  be  dehydrated  by  heating  in  reverber- 
atory  furnaces  (rotating  cylinders),  then  extracted  with  sulphuric 
acid,  the  sulphate  freed  from  iron  evaporated  in  reverberatories  and 
the  residue  ignited  to  drive  off  sulphuric  acid.^  Pipe-clay  or  kaolin 
may  be  used  instead  of  bauxite.  The  material  in  any  case  must  bi- 
as free  as  possible  from  iron,  lime,  and  magnesia. 

At  St.  Helens  ^  the  solution  vessels  are  lead-lined  tanks,  in  which 
300  gallons  of  sulphuric  acid  of  specific  gravity  172,  are  heated 
nearly  to  boiling  by  live  steam,  the  density  being  reduced  thereby  to 
145 — 1*475.  Into  this  acid  3,000  lb.  of  white  powdered  bauxite  are 
introduced.  After  charging-in  one-third  of  this  quantity  the  mixtun? 
swells  up,  occupying  6  to  8  times  its  original  volume.  The 
remainder  is  added  slowly,  or  cold  water  is  run  in  to  prevent  this 
intumescence.  The  sintering  of  the  mass  indicates  the  end  of  the 
reaction.  Steam  is  passed  in  half  an  hour  longer,  and  the  mixture  is 
then  diluted  with  first  hot,  then  cold,  water  until  the  specific  grarity 
is  1-2. 

Iron   is  removed    from    solution   by   oxidation   with   bleaching 

*  Moisaonier,  V Aluminium,  p.  d6.     Paris,  1903. 
-  Win^eler,  op,  ciL,  p.  34. 
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powder  and  precipitation  with  potassium  ferrocyanide,  or  by  pre- 
cipitation with  calcium  sulphide,  or  it  may  be  dissolved  out  before 
treatment  with  sulphuric  acid,  by  the  action  of  oxalic  acid.  The 
oxalate  solution  is  precipitated  with  lime  and  the  acid  regenerated 
from  the  calcium  oxalate  by  means  of  sulphuric  acid. 

The  iron-free  solution  of  aluminium  sulphate  is  concentrated  to 
50°  B.  in  vacuum  pans,  and  then  taken  to  dryness  in  mufHes  or  in 
gas-fired  reverberatories.  The  solid  sulphate  is  ignited  and  yields 
dioxide  and  trioxide  of  sulphur,  and  a  residue  of  friable  white 
alumina  which  is  not  hygroscopic  and  can  be  straightway  electrolysed. 

Rothberg^  has  suggested  treating  the  aluminium  sulphate 
obtained  from  clay  and  sulphuric  acid  with  chloride  of  lime,  thus : — 

Al2(SOJ3+3Ca(OCl)2  =  3CaSO,+Al2Cle+302. 

The  solution  of  aluminium  chloride  thus  obtained  may  be 
precipitated  with  lime,  and  the  aluminium  hydroxide  worked  up  in 
the  usual  way.  Nothing  is  known  of  the  application  of  this 
suggestion. 

Alumina  suitable  for  electrolysis  should  have  the  composition  : — 


AlA      •    • 

.     .       98  per  cent,  (minimum) 

SiOa        .     . 

.     .       0'3         „        (maximum) 

FeA      •     • 

•     .      0-1         „ 

HjO        .    . 

.     .       10        „ 

If  the  cryolite,  which  must  be  screened  at  the  mine,  is  pure,  it 
can  be  used  directly  as  solvent  for  alumina ;  if  impure  the  foreign 
bodies  are  precipitated  in  melting  and  electrolysing.  It  can  be 
prepared  artificially  by  dissolving  alumina  in  the  equivalent  quantity 
of  acid  sodium  fluoride,  NaF,  HF,  obtained  from  caustic  soda  and 
hydrofluoric  acid ;  or  by  adding  sodium  chloride  to  acid  aluminium 
fluoride  in  the  proportion  of  3  mols.  of  sodium  chloride  to  1  mol.  of 
alumina,  or  by  treating  a  mixture  of  aluminium  hydroxide  and 
s<Klium  chloride  with  the  corresponding  amount  of  hydrofluoric  acid. 
Loss  of  fluorine  in  electrolysis  is  best  made  up  by  addition  of 
aluminium  fluoride.  If  cryolite  be  used  for  this  purpose,  an  excess  of 
sodium  salts  accumulates  in  the  bath.  • 

The  salt  suitable  for  electrolysis  is  basic  aluminium  fluoride 
AIOF.  This  is  prepared  by  neutralising  hydrofluoric  acid  with 
alumina,  the  operation  being  performed  by  constant  stirring  in  lead- 
lined   wooden  vats.     The   product  is   dried  and  calcined  at  a  low 

J  U.S.  Pat.,  1900,  No.  657453.     • 
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temperature.  Other  methods  of  preparation  will  be  given  later  in 
the  description  of  Grabau  s  process. 

In  the  technical  production  of  aluminium  ^  the  cryolite  bath  is 
prepared  by  melting  down  enough  cryolite  to  cover  the  bottom  of  the 
bath,  the  heat  being  supplied  by  forming  an  electric  arc  between 
anode  and  cathode.  More  cryolite  is  fed  in,  the  anode  being 
gradually  moved  away  from  the  cathode  at  the  same  time.  When 
the  anode,  which  now  dips  in  the  molten  mineral,  has  been  removed 
an  inch  or  two  away  from  the  cathode,  then  alumina  is  added  as  the 
aluminium  becomes  liberated.  The  metal  is  tapped  occasionally. 
Cryolite  is  specifically  heavier  than  aluminium  when  both  are 
in  the  solid  state,  the  specific  gravities  being  cryolite  =  3,  solid 
aluminium  =  2'7,  liquid  aluminium  =  2'54,  but  in  the  liquid  state 
the  specific  gravity  of  cryolite  =  2'08,  of  cryolite  saturated  with 
alumina  =  235,  of  cryolite  and  aluminium  fluoride  in  the  proportion 
AlgFgjeNaF :  2AUFg  =  1-97.*  Thus  molten  aluminium  is  heavier  than 
molten  cryolite,  and  it  settles  to  the  bottom  of  the  bath  when 
liberated. 

The  temperature  of  the  bath  is  given  as  750°  C.  by  Borchers ; 
the  decomposition  tension  of  alumina  is  : 

n.  0-24. 96,537  =  ^^  volts. 

Formerly  the  baths  employed  were  rich  in  alumina,  a  much 
higher  temperature  was  maintained  than  at  present  and  the  tension 
was  9  to  10  volts,  the  current  density  20,000  to  21,000  amperes  per 
square  yard.  Now,  the  temperature  is  750°  C,  the  tension  7*5  volts, 
and  the  current  density  6,000  amperes  per  square  yard  of  horizontal 
bath-section,  when  the  horizontal  section  of  molten  material  is  2  feet 
6  inches  by  5  feet.^  With  an  efficiency  of  0'90,  the  consumption  of 
energy  in  the  production  of  1  ton  of  aluminium  per  24  hours  is 
at  least  1,400  H.P.     Other  authorities  give  1,400  to  1,600  H.P. 

According  to  Winteler  *  it  is  advisable  to  heat  by  resistance,  using 
short  round  carbons  heated  to  whiteness  by  the  current,  in  order  to 
melt  down  the  electrolyte.  These  carbon  rods  should  be  3  inches 
long  and  1  inch  in  diameter,  for  an  anode  tension  of  10  volts  and 
current  strength  of  400  to  50Q  amperes.  They  are  arranged  at  the 
bottom  of  the  bath  so  that  each  rod  corresponds  to  a  carbon  anode. 
If  the  anodes  be  now  brought  in  contact  with  these  rods  the  circuit 
is   closed   and   the  heat  generated   melts  the   mixed  cryolite  and 

'  Borchers,  Elektrometallurgie,  1902,  pp.  144-155. 

*•*  Richards,  Aluminium,  Its  History. 

3  Borchers,  op,  cit,^  p.  154.     Wallace,  Jaar,  Soc,  Chem.  bid,,  1898,  p,  3U8. 

*  Op.  ck.,  pp.  74. 
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alumina  heaped  about  the  electrodes.  In  this  way  220  lbs.  of 
electrolyte  can  be  melted  down  in  5  to  6  hours  with  a  current 
strength  of  3,200  amperes  and  a  tension  of  10  volts.  As  soon  as  the 
bath  is  half  filled  with  the  melt,  the  anodes  are  raised,  the  carbon  rods 
taken  out  with  iron  tongs,  and  the  anodes  then  let  down  until  about 
2 J  inches  from  the  bottom.  This  distance  must  be  kept  constant 
during  the  electrolysis,  which  now  begins.  The  aluminium  which 
separates  out  forms  the  cathode  in  place  of  the  carbon,  as  soon  as  the 
metal  covers  fche  bottom  of  the  bath. 

The  composition  of  the  electrolyte  must  be  kept  uniform  by  the 
occasional  addition  of  alumina,  cryolite  and  aluminium  fluoride. 
The  best  mixture  according  to  Winteler  contains  9  of  cryolite  to  1 
of  alumina  ;  this  melts  at  940°  C.  The  melting  point  can  be 
lowered,  if  wished,  by  the  addition  of  common  salt.  Aluminium 
fluoride  is  added  to  replace  the  fluorine.  It  is  more  suitable 
than  cryolite  for  this  purpose  since  the.  latter  causes  too  great  a 
concentration  of  sodium  fluoride  in  the  electrolyte,  which  becomes 
worthless  in  consequence.  The  electrolyte  should  appear  of  a  cherry 
red  colour  and  it  should  be  mobile.  The  surface  should  be  covered 
with  a  crust  an  inch  thick.  This  is  broken  through  in  charging, 
ladling  out  aluminium,  and  regulating  the  electrodes.  The  aluminium 
is  best  removed  every  two  days  in  iron  ladles  ;  these  must  not  become 
too  hot,  otherwise  some  iron  will  be  absorbed  by  the  molten  metal. 
The  aluminium  is  cast  in  iron  moulds  and  is  remelted. 

The  depth  of  the  electrolyte  should  ordinarily  be  6  inches  when 
the  baths  are  12  inches  high.  If  the  electrolyte  be  deeper  than  this, 
the  electrodes  lose  some  carbon.  The  tension  amounts  to  7  to  8 
volts,  the  current  density  25,000  to  48,000  amperes  per  square  yard 
of  electrode  section. 

The  following  working  results  are  given  by  Winteler^  of  an 
experimental  trial  on  a  large  scale.  The  average  current  was  3,160 
ampires  at  8*5  volts. 

The  original  charge  wa-s  220  lbs.  of  cryolite  and  22  lbs.  of 
alumina.  This  was  melted  thermo-electrically  in  5  hours  with  the 
consumption  of  203  kilowatt-hours.  During  the  electrolysis  the 
charges  were  88  lbs.  of  cryolite  and  75  lbs.  of  alumina  in  the  first  24 
hours,  the  same  quantities  in  the  second  24  hours,  in  the  third 
44  lbs.  of  cryolite  and  48  lbs.  of  alumina ;  i.e,  in  the  first  72  hours 
220  lbs.  of  cryolite  and  200  lbs.  of  alumina.  In  10  days  and 
10  hours  the  amount  introduced  was  635  lbs.  of  cryolite,  590  lbs.  of 
alumina,  and  140  lbs.  of  aluminium  fluoride.     After  62  hours,  57  lb.s. 

*  Op.  ctV.,p.  84. 
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of  aluminium  were  ladled  out,  after  86  hours  70  lbs.  and  so  on,  the 
total  quantity  obtained  in  the  full  time  being  314  lbs.,  a  layer  about. 
1  inch  thick  remaining  in  the  bottom  of  the  bath.  Including  this, 
the  total  yield  was  417  lbs.  of  aluminium.  The  total  consumption  of 
electrical  energy  was  6,716  kilowatt- hours,  which  corresponds  t^i  an 
output  of  608  lbs.  of  aluminium.  Thus  the  yield  was  68*6  per  cent, 
of  the  theoretical.     The  aluminium  produced  contained : — 

Al 98*4  per  cent. 

Fe 0-9 

Si 0-3 

Aluminium  produced  at  diflFerent  times  and  cast  in  iron  moulds 
is  not  of  uniform  purity.  As  some  of  the  electrolyte  is  mixed  with 
the  metal  when  the  latter  is  cast,  the  ingots  must  be  reraelted. 
They  are  selected  and  mixed  so  that  an  average  metal  shall  result  on 
melting.  The  melting  is  done  in  graphite  crucibles,  as  free  jvs 
possible  from  iron  and  silixjon,  otherwise  some  of  these  elements  will 
be  dissolved  by  the  metal.  The  temperature  must  not  greatly  exceed 
the  melting  point  of  aluminium,  since  the  metal  oxidises  on  strongly 
heating,  and  the  oxide  mixes  with  the  metal  to  form  a  pulpy  mass. 
If  the  temperature  be  kept  well  within  bounds,  the  losses  on  melting 
do  not  exceed  3  per  cent.  The  metal  contracts  by  1*8  per  cent  in 
solidifying,  so  thai  the  surface  of  the  cast  metal  is  depressed.^ 

The  cost  of  production,  etc.,  for  a  plant  consuming  2,000  kilowatts 
per  24  hours  and  producing  1,330  kilos,  of  aluminium  in  the  same 
time,  and  having  a  supply  of  cheap  water  power,  is  given  by 
Winteler  as  follows «  (1  kilo  (kg.)  =  2*2  lbs. ;  1  mark=.l  shilling):— 

Expenditure. 
Pure  alumina  3,000  kg,  at  38  marks  per  100  kg  =  1,140  marks. 


Cryolite                        300 

„    66 

>j 

>» 

165      .. 

Aluminium  fluoride     300 

„     40 

»> 

>) 

120      .. 

Electrode  carbon       1,500 

,.    40 

}) 

„ 

450      . 

Current ;  yearly  cost  per  kilowatt  50  marks 

274      .. 

Wages 

• 

150      ,. 

Heating  and  lighting  . 

• 

10      .. 

Repairs  and  new  apparatus 

. 

50      ,. 

Interest  on  plant  and  working  capital 

50      „ 

General  costs 

. 

40      „ 

Duty  and  insurance     . 

• 

20      „ 

Amortisation 

• 

50      „ 

Total 

2,519 

*  Winteler,  op. 

«V.,  p.  88. 

^  Ibii 

i..  p. 

90. 

ALUMINIUM  831 

Receipts:  1,330  kg.  of  aluminium  at  2  2  marks  per  kilo.  =  2,926 
marks. 

Daily  expenditure  2,519  marks 

Daily  receipts  2,926      ,» 

Cost  of  100  kg.  aluminium      188      „ 

H^roult's  process  is  in  use  at  the  following  places,  at  all  of  which 
water  power  is  used  (part  of  the  power  at  Lend  is  employed  for 
other  purposes) :  At  the  works  of  the  Aluminium  Industrie  Co.  at 
Neuhausen  in  Switzerland  (4,500  H.P.) ;  at  Rheinfelden,  in  Baden 
(5,040  H.P.) ;  at  Lend,  near  Gastein,  Austria  (7,500  H.P.) ;  at  the 
works  of  the  Soci^t^  Electro-metallurgique  Fran9aise,  Froges,  Isfere  ; 
at  La  Praz,  in  the  Savoy ;  and  at  the  works  of  the  British  Aluminium 
Co.,  Foyers,  Scotland.^ 

Charles  Halls  *  process  consists  in  subjecting  a  solution  of 
alumina  in  molten  cryolite  to  electrolysis,  salts  of  alkalies  and 
alkali  earths  being  added  to  increase  the  fusibility.  The  contents  of 
the  various  letters  patent  ^  have  undergone  an  exhaustive  criticism 
by  Borchers.*  The  process  has  been  adopted  by  the  Pittsburg 
Reduction  Company,  and  at  Saint  Michel  de  Maurienne  in  France.* 
Instead  of  the  externally  heated  baths  proposed,  those  described  above 
heated  only  by  the  current  are  employed.®  Six  gallons  of  flux  are 
required  to  dissolve  the  alumina  necessary  to  yield  one  pound  of 
aluminium  per  hour.     The  tension  is  5  to  10  volts. 

Joseph  B.  HalF  electrolyses  alumina  in  a  bath  of  aluminium 
chloride  with  sodium  and  lithium  chlorides.  The  electrolyte  is 
supplied  by  the  anode,  which  consists  of  a  mixture  of  alumina  and 
charcoal.  When  the  circuit  is  closed  the  alumina  in  the  anode  passes 
gradually  into  the  liquid  and  is  there  decomposed.  The  oxygen  set 
free  seems  to  oxidise  the  carbon  of  the  anode  to  monoxide.  The 
cell  is  a  vessel  made  of  carbon  or  a  mixture  of  alumina  and  carbon 
with  an  outer  shell  of  iron:  the  separated  metal  collects  on  the 
bottom  and  can  be  removed  from  time  to  time  by  tapping.  The 
replenishment  of  bath  with  alumina  by  means  of  anodes  of  clay  and 
carbon  has  already  been  proposed  by  St.  Claire-Deville  ^  but  has  been 
proved  to  be  unsatisfactory.  The  process  has  not  been  adopted  on  a 
large  scale. 

*  Borchera,  op.  cit.y  p.  157.    Minet,  op.  cU.  p.  69.     "  Mineral  Industry,  1893,  p.  7. 
»  American  Patents.      Nos.  400766,  400664,   April  2,   1889,  and   Nos.  400665, 
400666,  400667.  *  Elektrometallurgie,  p.  131. 

»  Minet,  op.  cU.,  p.  71.  *  Lt  Qinie  civil,  1898,  p.  81. 

'  Eng.  and  Min.  Joum.,  1895,  p.  581. 
^  Dt  r Aluminium,  p.  95.     Paris,  1866. 


832  METALLURGY 

Mineti  uses  an  electrolyte  of  the  formula  12NaCl+Al2Fg,6NaF 
which  melts  at  675'C.,  has  a  density  of  1-76  at  829°C.,  and  begins  to 
volatilise  at  1056°C.  At  800**C.  it  is  fluid  enough  for  electrolysis.  In 
the  process  aluminium  fluoride  is  decomposed  into  its  constituents, 
and  the  loss  of  aluminium  is  made  good  by  addition  of  aluminium 
fluoride  or  alumina  to  the  bath.  Loss  by  volatilisation  is  compensat^l 
for  by  addition  of  the  double  salt  forming  the  electrolyte. 

He  is  of  the  opinion  that  the  fluoride  is  the  real  electrolyte,  and 
that  the  fluorine  set  free  acts  upon  alumina  to  form  more  of  this 
salt,  so  that  the  liquid  remains  unaltered.  The  baths  first  used  were 
heated  from  the  outside,  the  later  ones  only  by  the  electric  current 
itself 

This  method,  as  given  in  the  letters  patent^  has  been  ex- 
haustively criticised  by  Borchers.*  It  was  first  introduced  in  Paris 
(impasse  du  Moulin-Joli)  in  1887,  and  in  1888  in  Creil,  Department 
of  Oise.  In  1891  a  plant  was  transferred  to  Saint  Michel  de  Maurienne 
where  it  was  kept  going  by  water  power  (500  H.P.)  until  1894*  The 
method  is  no  longer  used  now. 


B.  Preparation  of  Aluminium  by  JElectrolym  of  Aluminium  Fluoride. 

To  this  category  belongs  Minet's  process,  viz.  the  electrolysis  of 
the  mixture,  Al2Fg6NaF  +  12NaCl  aluminium  fluoride  being  added 
to  the  bath  during  the  operation.  The  equation  representing  the 
electrolytic  decomposition  is  :  — 

Al|FNaF  =  Alf+F+NaF. 

If  the  loss  of  aluminium  were  made  good  by  addition  of 
cryolite,  the  bath  would  become  too  rich  in  sodium  fluoride,  so  that 
sodium  would  soon  be  liberated  instead  of  aluminium.  Therefore 
aluminium  fluoride  is  employed,  and  this  combines  with  the  sodium 
fluoride  thus : — 

Al|-F+NaF  =  AlfFNaF. 

This  process  has  been  tried  experimentally  at  the  works  when* 
Minet's  other  process  (the  electrolysis  of  alumina)  is  in  operation 
the  same   apparatus  being  used.     The  following  data  for  some  ot 

1  Op.  cit.,  p.  48. 

a  Eng.  Pat.  No.  10057,  1887. 

*  Ekkframetallurgie,  1902,  p.  137. 

*  Minet,  op.  cit.,  p.  47. 


ALUMINIUM  833 

the  more  important  compounds  employed  have  been  calculated  by 
Mineti:— 


Compound. 
Aluminium  fluoride    . 
Sodium  chloride  .   .    . 

Tension  of  decomposition. 
.    .          304volU.       .    . 
.    .          4-23     „ 

Heat  uf  combination. 
700  cal. 
97-3   .. 

Sodium  fluoride  .    .    . 

.    .         4-82    ,. 

110-8   .. 

Grabau  *  subjects  to  electrolysis  a  fused  mixture  of  the  fluoride  (or 
oxyfluoride)  with  soda  or  potash  and  obtains  besides  aluminium  an 
alkali  fluoride,  or  else  cryolite.  The  fusion  and  electrolysis  are  per- 
formed by  the  aid  of  the  electric  arc.  Cryolite  is  first  fused  in  the 
vessel,  and  then  a  mixture  of  aluminium  fluoride  and  soda  introduced. 
The  anode  is  carbon,  the  cathode  a  metal,  preferably  aluminium. 
During  electrolysis  the  metal  separates  at  the  cathode  and  carbon 
dioxide  is  set  free  at  the  anode.  This  comes  partly  from  the  molten 
material  oxidising  the  anode,  and  partly  from  the  action  of  the 
aluminium  fluoride  on  the  soda.  Instead  of  the  fluoride,  the  oxy- 
fluoride is  sometimes  used,  which  is  easily  prepared. 

The  proportion  in  which  either  of  these  is  mixed  with  the 
alkali  carbonate  depends  upon  whether  sodium  fluoride  or 
cryolite  is  desired  as  a  by-product.  When  the  fluoride  is  employed, 
and  sodium  fluoride  is  formed,  the  action  is  as  follows  : — 

2Al2Fe+6Na2Co3+3C  (Anode)  =4Al  +  12NaF+9CO.,; 

but  if  cryolite  is  to  be  the  by-product  the  action  must  be : — 

4  AljFg + eNajCOg + 3C  =  4A1  +  2(  Al2Fe.6NaF)  +  9CO2. 

When  the  oxyfluoride  is  used,  and  sodium  fluoride  is  to  be  the 
secondary  product,  the  action  should  be  according  to  the  equation  : — 

2  AlgOF^ -h  4Na2C03 -h  3C  =  4AH- 8NaF -h  700. ; 

while  to  give  cryolite  the  action  should  be : — 

3AljOF^+3Na2C08+3C  =  4AH.Al2Fe,6NaF-h6C02. 

Borchers*  considers  it  probable  that  the  lively  evolution  of 
carbonic  acid  noticed  when  the  mixture  of  aluminium  fluorides  and 
alkaline  carbonates  is  fused,  takes  place  according  to  this  equation : — 

Al2Fe+ 3Na2C03 = Al^-h  6NaF + SCO^. 

According  to  this  the  electrolyte  is  oxide  of  aluminium  dissolved 
in  alkali  fluorides. 

^  Op,  dt.y  p.  49. 

«  Ger.  Pat.,  No.  62851,  1891. 

^  EltklrQiiielalluryit^  p.  148. 
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The  advantages  of  this  process  are  the  purity  of  the  aluminium, 
as  the  material  is  easily  prepared  free  from  iron  and  silica,  and  the 
production  of  cryolite  as  a  by-product.  Nothing  is  known  of  the 
application  of  this  process. 

To  obtain  pure  aluminium  fluoride,  which  is  absolutely  necessary' 
for  pure  aluminium,  as  well  as  to  obtain  it  merely  free  from  iron, 
Grabau  has  devised  special  processes. 

To  make  the  pure  compound,^  powdered  calcined  clay,  as  free  as 
possible  from  iron,  is  taken,  and  treated  in  slight  excess  with  hydro- 
fluoric acid  of  12  per  cent,  strength,  or  with  correspondingly  stronger 
hydrofluosilicic  acid.  When  hydrofluoric  acid  is  used,  the  temperature 
must  be  kept  down  to  95° ;  but  if  the  other  acid  is  used,  the  action 
must  be  assisted  by  heating. 

The  mass  becomes  neutral  in  a  few  minutes,  affcer  which  the 
liquid,  consisting  of  aluminium  fluoride,  is  filtered  at  a  medium 
temperature  from  the  residue,  which  is  hydrated  silica  and  undeconi- 
posed  clay.  The  residue  is  washed  with  hot  water,  which  removes 
any  aluminium  fluoride  remaining.  In  this  way  90  per  cent,  of  the 
hydrofluoric  acid  added  seems  to  be  used  to  form  the  aluminium 
fluoride.^ 

To  obtain  this  fluoride  merely  free  from  iron,^  a  solution  of  it 
is  treated  first  with  sulphuretted  hydrogen  to  remove  lead,  arsenic, 
and  other  metals,  and  to  reduce  ferric  salts  present  to  ferrous.  This 
reduction  is  necessary,  as  otherwise  ferric  fluoride  is  found  in  tht* 
crystals  of  aluminium  fluoride  obtained.  The  liquid,  filtered  from 
the  residue,  is  acidified  to  prevent  the  precipitation  of  traces  of  in.>n 
sulphide  in  the  cooling  which  follows,  and  then  cooled  in  vessels 
made  of  sheet  aluminium.  Here  hydrated  crystals  of  aluminium 
fluoride  separate  out  (AlgF^-lSHgO).  The  crystallisation  is  concluded 
as  soon  as  the  temperature,  which  rose  at  the  beginning,  has  beti^n 
brought  down  to  0**  by  continued  cooling.  The  whole  is  separated 
into  mother  liquor  and  crystals  in  centrifugal  pans,  and  the  crjT3tals 
are  washed  with  ice-cold  water. 


C.     Preparation  of  Aluminium  by  Electrolysis  of  Aluminium  Snlph  idt. 

The  preparation  of  the  metal  from  its  sulphide  has  been  propose<i 
by  Bucherer  in  Cleveland,  and  also  by  the  Aluminium-Industrie- 
Actien-Gesellschaft  in  Neuhauscn. 

»  Ger.  Pat.,  No.  69791. 
■^  Oer.  Pat.,  No.  70155. 
'  Zf-itHchr.  ftir  awjew.  Chem.,  1893,  p.  462. 
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Bucherer,  in  Cleveland,  Ohio,  U.S.A.,^  uses  aluminiam  sulphide 
in  the  form  of  double  sulphide  with  an  alkali  or  alkali  earth. 

This  is  subjected  to  electrolysis  in  a  bath  of  molten  chloride  or 
fluoride  of  alkali  or  alkali  earth,  or  of  a  mixture  of  them.  Sodium 
or  potassium  chloride,  or  the  two  mixed,  is  found  to  be  the  best 
solvent.  The  double  sulphide  is  made  more  cheaply  and  easily 
than  aluminium  sulphide  alone,  and  yields  a  pure  metal  when 
electrolysed,  aluminium  being  separated  at  the  cathode  by  a  current 
of  low  potential. 

The  double  sulphide  is  prepared  by  Bucherer,  by  heating  alumi- 
nium oxide  or  hydrate  with  the  sulphide  or  polysulphide  of  an  alkali 
or  alkali  earth,  and  excess  of  sulphur  and  coal.  The  action  is  as 
follows : — 

SNagS  +  AI2O3  +  3C  +  3S  =  Na^AlgSg + SCO. 

He  proposes  to  make  pure  aluminium  sulphide  by  the  slow  action 
of  sulphur  vapour  on  a  mixture  of  alumina  and  carbon  heated  to  white 
heat  in  a  clay  retort.     The  action  would  then  be : — 

AI2O3  +  3C  +  3S  =  3C0 + AI2S3. 

The  process  of  the  Aluminium-Industrie  Co.,  in  Neuhausen,^ 
consists  in  electrolysing  the  sulphide  AlgSg  alone  or  in  a  bath  of 
an  alkali  or  alkali-earthy  chloride,  or  fluoride.  The  electrolyte  may  be 
fused  and  maintained  liquid  with  the  help  of  external  heat,  or  by  the 
current  alone.  If  the  solution  of  aluminium  sulphide  in  sodium  or 
potassium  chloride  is  first  fused  in  a  vessel  heated  from  without,  and 
then  kept  fluid  during  the  electrolysis,  a  current  with  a  potential  of 
2*5  to  3  volts  will  be  enough  to  electrolyse  the  sulphide  ;  but  if  the 
solution  is  fused  and  kept  fluid  by  the  current  alone,  a  potential  of 
5  volts  will  be  necessary. 

The  process  seems  to  be  best  carried  on  in  a  vessel  of  cast  or  wrought 
iron,  which  is  lined  with  charcoal.  Aluminium  appears  at  the 
cathode,  sulphur  at  the  anode.  The  liquid  itself  generally  prevents 
the  oxidation  of  the  sulphide ;  if  it  is  desired  to  secure  this  further, 
reducing  gases  are  passed  over  the  fused  mass. 

In  this  process  the  lining  of  the  vessel  is  not  attacked,  nor  the 
carbon  electrodes  dipping  into  the  molten  electrolyte,  because  the 
temperature  of  the  bath  is  not  high  enough  for  the  sulphur  set 
free  to  combine  with  carbon.  Consequently  the  aluminium  is  very 
pure. 

J  Ger.  Pat.,  No.  63995,  November  18,  1890. 
'^  Ger.  Pat.,  No.  68909. 

3   H   2 
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Further  advantages  in  the  method  may  be  pointed  out : — the 
comparatively  small  strength  of  current  neeeded,  the  prevention  of 
short  circuiting,  as  aluminium  is  heavier  than  the  liquid,  and  sinks 
quickly  to  the  bottom,  and  the  possibility  of  collecting  the  sulphur 
fumes  at  the  anode,  and  utilising  them.  The  preparation  of  aluminium 
sulphide  by  the  methods  at  present  in  use  is  very  expensive,  for 
pure  alumina  must  be  used,  and  this  itself  can  be  directly  electrolysed. 
Again,  treating  the  alumina,  carbon  and  sulphur  to  obtain  the 
sulphide,  requires  a  large  amount  of  heat  energy.  Practical  applica- 
tion of  the  process,  therefore,  is  not  likely  at  present ;    it  can  only 


jr=iL 
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become  possible  after  some  cheap  method  of  obtaining  aluminium 
sulphide  has  been  invented. 

Gooch  prepares  aluminium  sulphide  in  the  bath  itself  by  passing:: 
a  stream  of  carbon  disulphide  into  the  molten  bath  of  fluoride  an<l 
chloride  of  aluminium,  alumina  being  added  to  compensate  for  the 
aluminium  separated  in  the  process.  The  carbon  disulphide  and  tho 
alumina  together  form  aluminium  sulphide,  from  which  the  nieUil 
is  liberated  by  the  action  of  the  current. 

The  apparatus  is  shown  in  Fig.  529.  *  T  is  the  bath  lined  with 
carbon.  CGy^  the  anodes  movable  in  the  tubes  SS^,  which  are  lined  with 
clay.  The  current  enters  the  anodes  through  the  rods  7Tj,  which  aa* 
in  metallic  connection  with  the  bar  K  and  the  leads  P,  The  cathiKlo 
is  fonned  by  the  carbon  lining  of  the  bath,  which  is  in  connection  with 
the  leads  N.     Carbon  disulphide  enters  the  bath  through  the  h(»lh»w 
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anodes  and  their  prolongations  GG^  A  hood  J  1; 
serves  to  convey  vapours  arising  from  the  bath  into  tl 
surface  of  the  electrolyte  lying  outside  the  hood  is  c 
of  charcoal  p  during  electrolysis.  The  aluminium 
at  the  bottom  of  the  bath.  The  apparatus  has  no 
large  scale. 


3.    PREPARATION   OF   ALUMINIUM  ALLO 

The  process  of  Cowles  Brothers  and  that  of  I: 
on  the  large  scale  to  prepare  the  alloys  directly  u 
ago.  But  since  we  are  now  able  to  produce  alumin 
metal lurgically  in  large  quantity,  these  original  pro 
much  used,  as  it  is  more  economical  to  make  the 
aluminium  with  the  necessary  metal. 

The  Cowles  Brothers'  Process'^ 

is  used  in  Cleveland,  Ohio,  U.S.A.,  and  was  publisl: 
consists  in  extracting  aluminium  from  a  mixture 
charcoal  by  an  electric  current,  and  alloying  this  wi 
the  moment  it  is  reduced.  The  current  produces  tl 
to  reduce  aluminium,  because  of  the  resistance  of 
alumina  and  charcoal. 

The  arrangement  of  the  Cowles  apparatus  is  she 
and  531.2  Y\g,  530  is  a  longitudinal  and  Fig.  I 
section. 

The  furnace  consists  of  a  box  of  rectangular  se 
and  hearth  made  of  fire-clay.  E^  E,  are  the  electr 
bundles  of  carbon  pencils,  usually  9,  about  \\  inches 
placed  in  metallic  cylindric<al  cases,  M,  cfist  roun 
consist  of  iron  or  copper  according  to  the  alloy  < 
head  of  each  case  is  a  copper  rod  K,  making  com 
conductor  L  through  the  copper  clamp  K,  to  wl 
on  one  side  the  conically  pointed  end  of  the  coj 
the  other,  the  end  of  the  wire  L.  II  represon 
cast-iron  tubes,  in  which  the  electrodes  may  be  m< 
backwards  by  the  screws  S.     The  carbon  pencils  £ 

»  U.S.  Pat.,  No.  .319795. 

2  Borchers,  Eleklramefallurtjiey  p.  102 ;  hulmtritHj  vol,  cx^ 
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to  the  current,  become  red-hot,  and  communicate  t 
charcoal,  alumina  and  metal  around  them.  B  is 
apparatus,  made  of  cast  iron.  The  opening  y  in  this 
monoxide  gas  formed  by  the  oxidation  of  the  chare 
the  tube  T,  which  is  in  coumiunication  with  a  condei 
arrest  any  alumina  carried  off  by  it.  o  is  the  taj 
molten  alloy  out  into  the  receiver  x, 

A  furnace  is  about  5  feet  long;  they  are  built 
shown  in  Fig.  532.^     This  shows  part  of  the  plant 
Syndicate  Co.,"  which  has  now  been  disused  for  a 
current  was  produced  by  a  Crompton  Dynamo  Mac! 
it  had  a  potential  of  60  volts  and  a  strength  of  6,00C 

The  current  was  conducted  by  copper  wires  to 
k  and  h  which  ran  respectively  along  the  front  ( 
furnaces.  The  wires  were  attached  to  the  rods  by  ( 
The  upper  ends  of  these  had  pulleys  which  ran  on 
From  their  lower  ends  ran  bundles  of  copper  wii 
their  turn  were  connected  with  copper  rods  in  the  » 
figure. 

Only  one  furnace  was  worked  at  a  time,  the  oi 
being  cooled,  charged  or  emptied.  The  operation! 
follows:  First,  a  layer  of  wood  charcoal  to  the  d 
was  spread  out  on  the  bottom  of  the  furnace.  Tl 
soaked  in  milk  of  lime  and  dried  to  prevent  its 
Then  the  electrodes  were  put  in  place.  Next  a  fnii 
plate  is  introduced,  and  the  space  within  it  filled  w 
alumina  (bauxite,  corundum  or  emery),  wood  charcoa 
with  which  the  alloy  is  to  be  made.  These  substan 
divided.  (The  metal  is  sometimes  not  finely  divided, 
of  rods  which  are  arranged  in  the  furnace  either  cr 
pendicular  to  the  long  axis.)  The  space  between 
and  the  side  walls  of  the  oven  is  filled  with  a  lining  c 
after  which  the  frame  is  removed.  A  conductor 
through  the  furnace  is  then  formed  by  arranging 
carbon,  and  any  space  remaining  is  filled  with  woo 
cover  is  next  put  on,  and  the  current  started.  The  \ 
reduction  of  alumina  is  indicated  by  the  appearance  o 
The  aluminium  which  separates  forms  an  alloy  w 
mefcil  which  has  been  put  in;  this  collects  at  the 
furnace,  and  is  tapped  out  at  the  end  of  the  operatic 
alloy  a  sort  of  slag  is  formed  which  is  an  intimate 
*  Ijidu8t7'iesy  I.e.  ;  Borchers,  I.e.,  p.  100. 
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alloy  with  charcoal.  This  is  powdered  and  washed,  and  the  portions 
containing  metal  are  added  to  another  charge.  Carbon  monoxide  is 
formed  from  the  oxygen  of  alumina  and  the  charcoal.  It  passes 
through  an  opening  in  the  cover,  and  through  a  condenser  as  already 
explained. 

The  end  of  the  process  is  known  by  the  cessation  of  the  white 
smoke.  The  smelting  lasts  about  one  hour.  The  furnace  is  thrown 
out  of  circuit,  and  the  cun-ent  at  once  turned  on  in  another  one. 
The  amount  of  aluminium  in  the  alloy  is  15  to  35  per  cent.  This 
may  be  converted  into  any  other  percentage  by  melting  it  with 
aluminium  or  the  other  metal,  or  any  new  metal  as  desired.  So, 
for  example,  aluminium  bronze  is  obtained  by  melting  this  alloy  with 
copper  so  that  the  correct  percentage  of  aluminium  is  obtained  (from 
1"25  up  to  10  per  cent.). 

The  strength  of  current  and  horse-power  of  the  dynamo  used  by 
the  "  Cowles  Syndicate  Co."  have  been  already  stated. 

The  amount  of  ferro-aluminium  or  aluminium  bronze  turned  owt 
daily  is  750—1,000  kg.  (15 — 20  cwt.),  containing  15  to  17  per  cent, 
aluminium.  The  expenditure  of  energy  necessary  to  produce  1  kg.  of 
aluminium  has  been  found  to  be  on  the  average  50  h.p.^  As  it  varies 
between  5tS'5  and  25,  the  lowest  average  that  can  be  taken  is  40  h.p.* 
The  theoretical  energy  needed  for  1  kg.  of  aluminium  in  bronze  is  only 
8*87  h.p.  Thus  the  waste  of  energy  is  very  considerable.  The  reason 
appears  to  be  that  alumina  is  formed  over  again.  The  white  smoke 
seen  in  the  process  seems  to  be  newly  formed  alumina,  formed  by 
the  reaction  of  aluminium  vapour  and  carbon  monoxide  in  the 
cooler  part  of  the  furnace. 

At  the  Cowles  Brothers'  Works  at  Lockport  in  the  State  of  New 
York  water-power  to  the  extent  of  1,200  h.p.  is  at  their  disposal : 
and  from  2  to  3  tons  of  aluminium  bronze  are  said  to  be  daily 
produced.  The  walls  of  the  vessel  arc  lined  with  wood-charcoal, 
mixed  with  chalk,  because  othon^ise  the  charcoal  might  be  converted 
into  graphite  while  the  current  piisses,  and  graphite  is  a  g^xnl 
conductor  of  heat  and  electricity.^ 

H^rmiWs  Process, 

In  this  process  alumina  is  not  only  fused  by  an  electric  current, 
but  decomposed,  and  the  aluminium  alloyed  with  another  metal  at 

^  Borchers,  Elehtrometallurffie,  p.  101. 

^  Dammer,  C?iem.  Tech.,  vol.  ii.,  p.  222. 

'  Pr,  Chftrjes  v.  Hahn.  Zeit^tchr.  far  IStektroterhnik^  18»5,  p.  479. 
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the  moment  it  is  set  free.  The  second  mn 
forms  the  cathode  ;  the  anode  is  a  bundle  of  c 
fused  by  the  current,  forms  the  electrolyte 
apparatus  were  described  on  p  810. 

The  method  ib  iisetl  at  the  works  of  th 
Actien-Gesellsehaft  at  Nt'iihaus^n  in  Hvv 
necessary  to  drive  the  dynanioa  ia  obtame 
Rhine, 
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Asterisks  (*)  denote  illustrations. 


Abhadia  San  Salvador,    cinnabar  found 

at,  335,  336 
Africa,  occurrence  of  cinnabar  in,  338 
Alabama,  tin  ore  found  in,  479  ;   bauxite 

found  in,  797 
Alaska,  tin  ore  found  in,  479 
Albareto,  mercury  ores  found  at,  336 
Alexisbad,    treatment   of    Broken    Hill 

ores  at,  292 
Algeria,  zinc  blende  found  in,  19 ;  cinna- 
bar found  in,  338 
Algiers,  stibnite  found  at,  557 
Allagir,  zinc  blende  found  in,  19 
AUemant,  native  mercury  at,  334 ;  smal- 

tine  found  at,  754 
Allkhar,  orpiment  found  at,  603 
Almaden,  cinnabar  found  at,  334,  335  ; 
Idrian  furnaces  in  use  at,  355  ;  horn 
mercury  found  at,  338  ;   weight  of 
mercury  bottle  in,  346  ;  composition 
of  mercurial  soot  from,  426  ;  treat- 
ment of  soot  at,  426 
Almeria,  calamine  found  in,  19 
Alt-ai,  Siberia,  zinc  blende  found  in,  19 
Altenau,    composition    of  nickel    speiss 
from,  715,  716  ;  extraction  of  nickel 
at,  742 ;  refining  at,  750 
AUenlicrg,  hemimorphite  found  at,  20  ; 
calamine  burnt  in  shaft  furnaces  at, 
28 ;    bismuth    found   at,     449 ;   ex- 
traction of   bismuth  at,  460  ;  tin  ore 
found  at,  479  ;  reduction  of  tin  ore 
lit,    493,  494  ;  composition  of  slags 
from,  501  ;  composition  of  hardhead 
from,  502  ;  composition  of  tin  liqua- 
tion dross  from,  527 
Altwasser,  mercurial  fahlore  at,  338 
Alva,  bismuth  foun<l  at,  449 
America,  North,  localities  for  zinc  blende 
and     calamine,    19 ;    occurrence    of 
mercury  ores  in,  336 
America,   South,  localities   for  cinnabar 

in,  337 
Ammeljcrg,    zinc  blende   found    in,    19 ; 
Fortschaufelungsofen  used  at,  56 


Ampsin,   Belgium,   moulding    machines 

at,    137;  destruction  of  retorts  in, 

210 
Anam,  tin  ore  found  in,  479 
Andacallo,  cinnabar  found  at,  337 
Anglesea,  zinc  blende  found  in,  19 
Angleur,  Belgium,  extraction  of  zinc  at, 

113  ;  retort-making  at,  136  ;  destruc- 
tion of  retorts  in,  210 
Angouleme,  £llershausen*6  process  used 

at,  293 
Antrim,    composition   of  bauxite  from, 

823 
Ardenne,  analysis  of  fire-clay  from,  117 
Arendal,  platinum  found  at,  775 
Areueros,  native  mercury  at,  334 
Arkansas,     zinc    blende    and    calamine 

found  in,  19  ;  stibnite  found  in,  558  ; 

bauxite  found  in,  797 
Amsberg,  stibnite  found  at,  557 
Aserbreidschau,  realgar  found  at,  603 
Asia,    localities    for   cinnabar   in,    337 ; 

localities  for  stibnite,  558 
Asturias,  wad  found  in,  755 
Australia,  occurrence  of  cinnabar  in,  3^^  ; 

localities  for  bismuth  ores,  449  ;  for 

tin  ores,  479  ;  localities  for  stibnite, 

558 ;    mispickel     found    in,      603 ; 

localities  for  platinum,  775 
Austria,   localities  for  arsenical  nickel, 

639 
Austria-Hungary,      localities    for     zinc 

blende,  18 
Auvergne,  stibnite  found  at,  557 
Avala  Hills,    Servia,  cinnabar  found  in 

tlie,   336 ;  horn   mercury   found   at, 

338 


B 


Badajoz,  stibnite  found  at,  557 

Baden,  zinc  blende  found  in,  18  ;  cala- 
mine, 19 

Bagno  S.  Filippo,  mercury  ores  found  at, 
336 

Balagna,  mercury  ores  found  at,  336 
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Banca,  tin  ore  found  in,  479;  Vlaenderen'e 
furnace  used  at,  498  ;  composition  of 
tin  from,  501  ;  results  of  tin  smelting 
at,  505,  507  ;  composition  of  refined 
tin  from,  534 

Banya,  liquation  of  antimony  at,  563  ; 
roasting  antimony  ores  at,  570 ;  re- 
duction of  antimony  ores  at,  676  ; 
antimony  refining  at,  588 

Bathgate,  arsenical  nickel  found  at,  639 

Baux,  bauxite  first  found  at,  composition 
of  bauxite  from,  797 

Belgium,  localities  for  zinc  blende,  19; 
for  calamine,  19  ;  fire-clay  used  for 
muffles  in,  117  ;  zinc  losses  in,  209 

Bergen  Port,  U.S.A.,  Wetherill  grates 
used  at,  142 ;  production  of  zinc 
white  at,  307 

Bethlehem,  calcination  of  zinc  ores  at, 
49  ;  Wetherill  grates  used  at,  142, 
167  ;  production  of  zinc  white  at, 
303 

Beuthen,  cadmium  in  blende  and  cala- 
mine from,  320 

Bieber,  cobalt  vitriol  found  at,  755 

Billiton,  tin  ore  found  in,  479 ;  Vlaen- 
deren's  furnace  used  at,  498 ;  tin 
liquation  hearth  used  at,  527 

Birmingham,  wet  method  for  nickel 
extraction  at,  730 

Bironde,  production  of  antimony  oxide 
at,  571 

Bishoptown,  greenockite  at,  319 

Black  Forest,  localities  for  nickel -bearing 
pyrites  in,  640 

Bleka,  bismuth  found  at,  449 

lileyberg,  zinc  blende  found  at,  19  ;  cala- 
mine found  at,  19  ;  electrolytic  pro- 
duction of  zinc  from  its  chloride  at, 
271 

Bohemia,  zinc  blende  found  in,  18  ;  mer- 
cury ores  found  in,  336  ;  localities  for 
stibnite,  557 

Bolande,  cadmium  in  blende  from,  321 

Bolivia,  tin  ore  found  in,  479  ;  localities 
for  bismuth  ores,  449 

Borbeck,  composition  of  zinc  fume  from, 

.      221 

Borneo,  cinnabar  found  in,  338;  antimony 
bloom  found  in,  558  ;  platinum  found 
in,  775;  composition  of  crude  platinum 
from,  775 

Bosnia,  localities  for  stibnite,  557 

Bouc,  reduction  of  antimony  at,  573, 
576 

Bovisa,  preparation  of  white  arsenic  at, 
616 

Braganza,  stibnite  found  at,  557 

Brazil,  cinnabar  found  at,  337  ;  tin  ore 
found  in,  479 ;  composition  of  crude 
platinum  from,  775 

Breitenbrunn,  cadmium  in  blende  from, 
320 

Briesen,  clay  for  muffles  from,  115 


British  Columbia,  occurrence  of  cinnalKtr 
in,  337  ;  composition  of  crude  plati- 
num from,  775 

Brittany,  zinc  blende  found  in,  19 ;  caU- 
mine  found  at,  19 

Broken  Hill,  N.S.W.,  zinc  blende  found 
at,  19 ;  treatment  of  ores  from,  291 
€t  seq. 

Bruce,  Kansas,  Sadtler's  process  used  at, 
294 

Brussa,  calamine  found  in,  19 

Burma,  tin  ore  found  in,  479 


C 


Cajamarca,  mercury  ores  found  at,  337 
Calabria,  bauxite  found  in,  797 
California,     native     mercury     in,    334; 
Q2r  Hiittner  and  Scott  furnaces  used  in, 

372 ;  Granitza  furnaces  in,  380 ;  tin 

ore    found    in,    479 ;    localities  for 

stibnite,  557 ;  composition  of  crude 

platinum  from,  775 ;  bauxite  foimd 

in,  797 
Canada,  zinc  blende  found  in,  19 ;  locali- 
ties for  stibnite,  557;  for  pvrostilbite, 

558  ;  localities  for  mispickel,  603 
Cannon    City,    Colorado,    the    Bartlett 

process  at,  307,  309 
Cantabria,  cadmium  in  blende  from,  32U 
Capo  Corso,  mercury  ores  found  at,  336 
Capula,  cinnabar  found  at,  337 
Carimon.  tin  ore  found  in,  479 
Carinthia,    zinc    blende   found    in,    IS: 

calamine  found  in,  19 
Camiola,     composition    of    zinc    frora, 

220;  cadmium  in   ores  from,   32i»; 

bauxite  found  at,  797 
Carrock  Fell,  bismuth  found  at,  449 
Carthagena,  calamine  found  in,  19 
Cassagnes,      France,      electrolysis      of 

antimony  ores  at,  597 
Castellazara,  shaft  furnace  for  mercury 

extraction  at,  408* 
Castiglione    Chiaverese,    mercury    ores 

found  at,  336 
Castillon,  calamine  found  in,  19 
Causoli,  mercury  ores  found  at,  336 
Cerigliani,  mercury  ores  found   at,  X¥) 
Chanarcillo,    native   arsenic    found   al, 

602 
Cheltenham,    U.S.A.,    analysis    of  clay 

from,  117 
Cherryvale,      Kansas,      furnaces     fire^I 

with  natural  gas  at,  159 
Chicago,  extraction  of  tin  from  cuttiugi- 

at,  547 
Chili,   tin  ore   found   in,   479;    stibnite 

found  in,  558 
China,  tin  ore  found  in,  479 ;  localilie> 

for  stibnite,  558 
Choco,    composition   of   crude  platinum 

from,  775 


used   at,    36  ;    cadmium   in    blende 
from,  320 
Cleveland,  Ohio.  Brame's  nickel  process 

at,  745 
Cockle    Creek,     Aslicroft's    method    in 
use  at,  279  ;    Picard   and  Sulman's 
process  at,  296 
Colorado,  zinc  blende  found  in,  19 
Conches,  production  of  antimony  oxide 

at,  571 
Congo,  tin  ore  found  in,  479 
Constable  Hook,  N.J.   (Orford   Works), 
composition  of  crude  nickel  from,  748 
Constantino,     Algeria,     stibnite    found 

in,  557 
Copnarberg,  zinc  blende  found  in,  19 
Cordoba,  calamine  found  in,  19 
Comacchino,   cinnabar    found    at,    335, 

336 
Cornwall,  zinc  blende  found  in,  19  ;  bis- 
muth found  in,  449  ;  tin  ore  from, 
479  ;  treatment  of  tin  slags  in,  523  ; 
treatment  of    refinery   dross,    534 ; 
stibnite     found     in,     557  ;      native 
arsenic  found  in,  602 ;   preparatioiw 
of  white  arsenic  in,  615,  617  ;-^nis- 
pickel  found  in,  603  ;  arsenic  mines 
in,  608  ;  smaltine  found  in,  754 
Corphalie,  zinc  blende  found  at,  19  ;  cala- 
mene  found  at,   19 ;    results  of  (cal- 
cining zinc  blende  at,  58  ;  treatment 
of  zinc  fume  at,  216 
Corsica,  localities  for  mercury  ores  in, 

336 
Cower  Creek,  sperrylit  found  at,  776 
Crampagna,  production  of  zinc  in    elec- 
tric furnace  at,  247  ;  preparation  of 
zinc  white  electrothermally  at,  307 
Crefeld,  extraction  of  tin  from  cuttings 

at,  547 
Croatia,  occurrence  of  cinnabar  in,  336 
Cudgegong,  cinnabar  found  in,  338 
Cimiberlaud,  zinc  blende  found  in,  19 
Cumillas,  cadmium  in  blende  from,  320 
Cziklova,  bismuth  found  at,  449 


D 


Dakota,  tin  ore  found  in,  479 
Dalmatia,    occurrence    of    cinnabar    in, 

336 
Daschkesan,  cobaltine  found  at,  755 
Dclach,  distillation  of  zinc  at,  126 
Deloro,  preparation  of  white  arsenic  at, 

612,  617 
Denbighshire,  zinc  blende  found  in,  19 
Devon,    tin    ore   from,    479 ;    mispickel 

found    in,    613 ;    ai-senic   mines   in, 

608 ;    preparation  of   white  arsenic 

in,  615,  617 


pyrites  from,  641  ;  roasting  of  nickel 
ores  at,  703,  706 ;  composition  of 
nickel  speiss,  710 ;  smaltine  found 
at,  754 

Dortmund,  calamine  burnt  in  shaft  fur- 
naces at,  28 ;  zinc  distillation  at, 
202 

Dreda,  Chinese  furnace  for  smelting  tin 
at,  497*,  505 

Dulces  Nombres,  cinnabar  found  at,  337 


E 


East  Indies,  platinum  found  in,  775 

EUesmore  Port,  Broken  Hill  ores  smelted 
at,  292 

Emmaville,  analysis  of  bauxite  from, 
798 

Engis,  zinc  blende  found  at,  19;  fur- 
naces for  zinc  distillation  at,  141, 
155  ;  extraction  of  cadmium  at,  325 

England,  localities  for  zinc  blende,  19  ; 
refining  of  antimony  in,  585  ;  locali- 
ties for  arsenical  nickel,  639 ;  locali- 
ties for  cobaltine,  755 

Erzgebirge,  zinc  blende  found  in,  18 ; 
localities  for  native  arsenic,  602  ;  for 
mispickel,  603  ;  stibnite  found  in, 
557 

Essen,  extraction  of  tin  from  cuttings  at, 
547 

Europe,  occurrence  of  zinc  blende  in,  18, 
19  ;  occurrence  of  cinnabar  in,  334  ; 
localities  for  bismuth  ores,  449  ;  for 
tin  stone,  478 


F 


Fahlun,  cadmium  in  blende  from,  321  ; 

bismuth  found  at,  449 
Fano,  mercury  ores  found  at,  336 
Feistritz,  cadmium  in  blende  from,  320 
Felsiibanya,   cadmium   in   blende   from, 
320  ;  stibnite  found  at,  557  ;  analysis 
of  wochenite  from,  797 
Fichtelgebirge,  stibnite  found  in,  557 
Finland,  cadmium  in  blende  from,  320 
Flone,  treatment  of  waste  gases  contain- 
ing sulphur  dioxide  at,  76 
Florida,  bauxite  found  in,  797 
P'oyers,  Herault's  process  used  at,  831 
France,  localities  for  zinc  blende,    19 ; 
for  calamine,  19  ;  localities  for  mer- 
cury ores,  336  ;  localities  for  bismuth 
ochre,  449  ;  for  tin  ore,  478  ;  locali- 
ties for  stibnite,  557  ;  localities  for 
native  arsenic,  602  ;   for  mispickel, 
603 ;    localities  for  arsenical  nickel, 
639 
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Frankenstein,  reduction  of  oxide  of  nickel 
at,  680  ;  treatment  of  silicate  ores  at, 
6ft7 

Frankfort,  Riissler's  process  used  at,  107  ; 
preparation  of  bismuth  in  the  wet 
way  at,  462 ;  extraction  of  platinum 
at,  785 ;  furnace  for  drying  alumin- 
ium hydroxide  used  at,  822* 

Freiberg,  (Jerstenhofer  furnace  used  at, 
52  ;  furnaces  for  zinc  distillation  at, 
193 ;  results  of  distillation,  201 ; 
analysis  of  refined  zinc  from,  228  ; 
Pattinson  process  for  bismuth  alloys 
at,  461  ;  Plattner's  process  at,  536 ; 
extraction  of  arsenic  at,  606,  610, 
615,  617,  620  ;  production  of  rohglas 
at,  621  ;  refining  of  rohglas,  622  ; 
production  of  orpiment,  623 ;  treat- 
ment of  niokeliferous  speiss  at,  714 

Fiihrfurt,  electrolysis  of  zinc  chloride  at, 


G 


Gap  Mine,  millerite  found  at,  639 
(iascony,  zinc  blende  found  in,  19  ;  cala- 
mine found  in,  19 
Gefle,  cadmium  in  zinc  ores  from,  321 
Georgia,  bauxite  found  in,  797 
(iermany,  localities  for  zinc  blende,  18  ; 
localities  for  stibnite,  557  ;  localities 
for  arsenical  nickel,  638  ;  localities 
for    cobaltine,    755 :    for    linno^ite, 
755 
Geyer,  tin  ore  found  in,  479 
(rladbach,  zinc  extraction  at,  207 
Gollnitz,  mercurial  fahlore  at,  338 
Goppersdorf,   kaolin   for   muffles    from, 

115,  116 
Goroblagodat,  platinum  content  of  sands 
from,    775 ;    composition    of    crude 
platinum  from,  775 
(rranada,  calamine  found  in,  19 
Graupen,  tin  ore  found  in,  479 ;  furnace 
for   reduction  of   tin   ore  at,  495*, 
496*  ;  tin  smelting  at,  503 
Greece,  zinc  blende  and  calamine  found 

in,  19 
Grojec,  clay  for  mufties  from,  115 
(irosserschacht,  cadmium  in  blende  from, 

320 
Guadalcazar,  cinnabar  found  at,  337 
Guadalupana,  cinnabar  found  at,  337 
(luipuzcoa,  zinc  bloom  found  at,  20 


H 


Ham  bom,  Liebig  and  Eichhorn's  furnace 
used  at,  83 ;  manufacture  of  sulphur 
trioxide  at,  98 

Hamburg,  extraction  of  platinum  at,  787 


Haminate,  antimony  bloom  found  at,  558 
Harz,  zinc  blende  found  in,  18 ;  stibnite 

found  in,  557 
Harzgerode,  nickel  glance  found  at,  639 
Havre,  refining  of  nickel  matte  at,  677, 

678 
Haute  Vienne,  mercury  ores  found  at, 

336 
Hayle,  Cornwall,  Cowper-Coles  process 

for  zinc  extraction  at,  280 
Helsingland,  nickel  fflance  found  at,  6^^ 
Hessen-Nassau,  zinc  blende  found  in,  18 
Hoang-Hai,  cinnabar  found  in,  338 
Hoboken,  Antwerp,  electrolysis  of  zinc- 
silver  alloys  at,  282 
Hohenlohe,  breakage  of  retorts  in,  21(1 
Horrowitz,  mercury  ores  found  at,  336  ; 

extraction  of  mercury  at,  419 
Hruschau,  Oderberg,  production  of  zinc 

at,  278 
Huancavelica,  cinnabar  found  at,  337  : 

Bustamente  furnace  at,  348 
Huanchaca,  zinc  blonde  found  in,  19 
Huel  Rock,  Cornwall,  tin  pyrites  from, 

479 
Huitzuco,  cinnabar  found  at,  337 
Hungary,    zinc    blende    found    in,    18 ; 
^    localities  for  mercurial  fahlore  in, 

338 ;    localities    for    stibnite,    557 ; 

analyses  of    crude   antimony  from. 

565  ;    localities   for   native  arsenic, 

612  ;  mibpickel  found  in,  603 


I 


Idaho,  stibnite  found  in,  658 
Idria,  Carniola,  cinnabar  found  at,  334, 
335;  horn  mercury  found  at,  338: 
Hahner  funiace  used  at,  407,  40S: 
Valalta's  furnace  at,  409  ;  Exeli's 
furnace  used  at,  419;  analysis  of 
mercurial  soot  from,  423,  424; 
preparation  of  artificial  cinnabar  at, 
441 
Iglesias,  calamine  burnt  in  shaft  furnaces 

at,  28,  29 
Iglo,  mercurial  fahlore  at,  338 
Ildekansk,  cinnabar  found  at,  338 
Ilsenberg,  Harz,    extraction  of  zinc  at, 

281 
Iowa,  zinc  blende  found  in,  19 
Ireland,  bauxite  found  in,  797 
Isere,  mercury  ores  found  at,  336 
iserlohn,   composition   of    coarse  nickel 

from,  748 
Isle  of  Man,  zinc  blende  found  in,  19 
Italy,  localities  for  zinc  blende,   18 ;  for 
calamine,  19  ;  mercury*  ores  found  in. 
336 ;    localities   for    stibnite,   557  : 
for  pyrostilbite,  558 ;   localities  for 
native  arsenic,  602 
Ivitut,  cryolite  foimd  at,  798 


Japan,  tin  ore  found  in,  479  ;  localities 
for  stibnite,  558 

•Java,  cinnabar  found  in,  338 ;  tin  ore 
found  in,  479 

vToachimsthal,  bismuth  found  at,  449 ; 
cupellation  process  at,  459;  ox- 
traction  of  bismuth  at,  454 ;  nickel 
extraction  at,  719 ;  composition  of 
coarse  nickel  from,  748  ;  smaltine 
found  at,  754 

•Johannisthal,  Kuschel  and  Hiuterhuber's 
furnace  at,  66-69 

•Johann-(jeorgenstadt,  bismuth  found  at, 
449 

.Tola,  Kansas,  furnaces  fired  with  natural 
gas  at,  159,  160%  161* 

Joplin,  Missouri,  production  of  zinc 
white  at,  307,  308 

•Josephi,  Kottcrbach,  treatment  of  mer- 
curial f  ah  lores  at,  437 


K 


ICapnik,  cadmium  in  blende  from,  320 
Karf,  cadmium  in  blende  from,  320 
Kattowitz,    analysis    of    broken  retorts 

from.  118 
Kentucky,  zinc  blende  found  in,  119 
Kilkivan,  cinnabar  found  in,  338 
Klefa,  heap  roasting  of   nickel  ores  at, 
652;     composition    of    nickel    ores 
from,    658 ;      smelting    of    roasted 
nickel    ore,    662;    stall-roasting    of 
nickel  matte,   665 ;    composition  of 
matte    and   slag,    668 ;    refining  of 
matte,  674 ;  preparation  of  nickel- 
copper  alloy  from  matte,  691,  693  ; 
composition  of  coarse  nickel   from, 
748 
Kiippan,   cadmium   in   zinc    ores  from, 

321 
Knoxville,  Livermore  furnace  used  at, 

386-388 
Kongsberg,  mercury  ores  at,  336  ;  native 

arsenic  found  at,  602 
Kopparberg  see  Copparbere. 
Korsnas,  cadmium  in  blende  from,  321 
Kotterbach,  mercurial  fahlore  at,  338 ; 
soot-press   used   at,    429 ;    mercury 
ores  treated  at,  38 
Kragero,  Norway,   smelting  of   roasted 
nickel    ores,    662 ;    composition    of 
matte,  668,  669  ;  treatment  of  nickel 
ores  at,  653 
Kutais,  zinc  blende  found  in,  19. 


La  Cruz,  cinnabar  found  at,  357 
La  Lincoule,   liquation  of  antimony  at, 
562 


Lame  Harbour,  Bayer's  process  used  at, 

823 
Languedoc,    zinc  blende  found  in,    19  ; 

calamine  found  in,  19 
Landsberg,  retorts  used  in  mercury  ex- 
traction at,   418 
Lapland,  cadmium  in  blende  from,  321  ; 

platinum  found  in,  775 
La  Salle,  muffle  furnaces  used  at,  90,  91*  ; 

retorts    for   distillation  of  zinc  at, 

133;  furnaces  for  same,  141,  152* 
Lattai,  mercury  extraction  at,  417 
Launceston,  furnace  for  tin  smelting  at, 

513 
Laurinm,  calamine  found  at,  19;  calamine 

bnrnt  in  shaft  furnaces  at,  28 
Lecchi,  bauxite  found  at,  797 ;  analysis 

of  bauxite  from,  798 
Lehigh,  calamine  burnt  in  shaft  furnaces 

at,   28 ;  furnace    for  production   of 

zinc  white  used  at,  300* 
Lend,  Herault's  process  used  at,  831 
Lemathe,  furnace  for  burning  calamine 

used  at,  35  ;  pyrites  burners  used  at, 

50;  analyses  of   retort  gases  from, 

108 
Leogang,  roasting  of  nickel  ores  at,  706  ; 

of  nickel  speiss,  711 
Li^ge,  furnaces  for  zinc  distillation  at, 

151 
Lillehammer,  necopyrites  found  at,  639 
Limoges,  native  mercury  at,  334 
Lipine,  calcining  furnace  at,  42  ;  pyrites 

burners  at,  50 ;  zinc  distillation  at, 

199 ;  zinc  refining  at,  227 ;  Nahnsen's 

process  at,  268  ;  flue  dust  containing 

cadmium  at,  323 
Littai,  extraction  of  mercury  at,  421 
Lixa,   Portugal,   electrolysis  of   impure 

antimony  at,  597 
Llanelly,  EUershausen's  process  at,  292 
Lock  port,  the  Cowles  process  for  prepar- 
ation of  aluminium  a.]\oys  at,  840 
Loibel   Valley,   mercury  ores  found  in, 

336 
lulling,  bismuth  found  at,  449 ;  lollingite 

found  at,  603 
Lombardy,  zinc  blende  found  in,  18 
London,  Ganelin's  process  tried  in,  293 ; 

antimony  extraction  in,  579 
Lower  Harz,  production  of  zinc  vitriol  in, 

297 


M 


Macedonia,  realgar  and  orpiment  found 

in,  603 
Magurka,  Hungary,  antimony  extraction 

at,  581 
Malaga,  nickel  ore  found  at,  640 
Malacca,  tin  ore  found  in,  479 
Malay  Peninsula,  localities  for  tin  ore, 

479 
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Malbosc,  liquation  of  antimony  at,  562,563 
Mansfeld,  extraction  of  nickel  from  slags, 

730 
Marguo,  mercury  ores  found  at,  336 
Mariedam,  cadmium  in  zinc  ores  from,  321 
Marion,    Indiana,   furnaces    fired    with 

natural  gas  at,  159 
Massachusetts,  nickel-bearing  pyrites  in, 

640 
Matlock,  cadmium  in  blende  from,  320 
Melinot,  native  mercury  at,  334 
Mexico,  zinc  blende  found  in,  19  ;  locali- 
ties for  cinnabar  in,  337  ;  tin   ore 

found  in,  479  ;  antimony  bloom  found 

in,    558 ;    stibnite   found    in,   558 ; 

localities  for  native  arsenic,  602 
Meymac,  occurrence  of  hydrated  bismuth 

carbonate  at,  457  ;  treatment  of,  460 
Miechowitz,  cadmium  in  blende  from,  320 
Mieres,  mercury  ores  found  at,  336 
Milleschau,  antimony  refining  at,  585 
Milton,  electrolysis  of  zinc  chloride  at, 

286 ;  Swinburne's  process  at,  288 
Mirow,  clav  for  mutUes  from,  115 
Missouri,  znic  containing  arsenic  from,  4  ; 

zinc  blende  and  calamine  found  in, 

19  ;  smaltine  found  in,  754 ;  linnseite 

in,  755 
Monte  Amiata,    Tuscany,   cinnabar  at, 

335  ;  Spirek  furnaces  at,  393,  397 
Monte))Uono,   cinnabar    found  at,   335 ; 

Czcnnak-Spirek  furnaces  at,  398 
Montebras,  tin  ore  found  at,  479 
Monte  delle  Fate,   mercury  ores  found 

at,  336 
Monteponi,  reverberatory  furnace   used 

at,  38*,  39 
Morbihan,  tin  ore  found  at,  478 
Moresnet,  Li^ge  furnace  at,  143,  144*  ; 

gas-iired  furnaces  at,  151 
Morgenroth,  cadmium  in  coal  from,  321 
Moschellandsberg,    native    mercury    at, 

334 ;   mercury  ore:^  at,   336 ;    horn 

mercury  found  at,  338 
Mount  BischofF,   tin   smelting  at,  521  ; 

tin  refining  at,  532 
Miihlhach,  analysis  of  bauxite  from,  797 
Miinsterbusch,   breakage  of  retorts   in, 

210 
Murcia,  zinc  blende  found  in,  19 ;  calamine 

found  in,  19 


N 


Nagybanya,  stibnite  found  at,  557 
Namur,  analysis  of  fire-clay  from,  117 
Nanzenbach,  millerite  found  at,  639 
Napa  County,  mercury  ores  in,  337 
Nassau-Hesse,  bauxite  found  at,  797 
Neuhauscn,  Herault's  process  at,   810 ; 

electrolytic  bath  used  at,  816,  817* 
Neumarktel,  mercury  ores  found  at,  336 
Neurode,  analysis  of  clay  from,  116 
Neu-Sirka,  greenockite  at,  319 


Nevada,  stibnite  found  in,  558 

New  Almaden,  mercury  ores  found  at, 
336 ;  shaft  furnaces  used  at,  347  ; 
treatment  of  mercurial  soot  at,  428, 
429  ;  Exeli  furnaces  in  use  at,  361*  ; 
(^ranitza  furnaces  at,  374  ;  furnace 
for  roasting  antimony  ores  used  at, 
570 ;  reduction  furnaces  lor  anti- 
mony, 575 

New  Caledonia,  garnierite  first  found  in. 
639  ;  composition  of  coarse  nickel 
from,  748  ;  wad  found  in,  755 

Newcastle-on-Tyne,  antimony  produc- 
tion at,  579 

New  Idria,  mercury  ores  in,  337 

New  Jersey,  zinc  blende  and  calamine 
found  in,  19 ;  extraction  of  sdnr- 
white  in,  297 

New  Mexico,  zinc  blende  and  calamine 
found  in,  19 

New  South  Wales,  bismuth  found  in, 
449  ;  bauxite  found  in,  797 

New  Zealand,  native  arsenic  found  in, 
602  ;  platinum  found  in,  775 

Nicaragua,  stibnite  found  in,  558 

Nikitowka,  Russia,  cinnabar  found  at, 
334,  335 ;  mercury  extraction  at,  436 

Nischni-Tagilsk,  composition  of  crude 
platinum  from,  775 

Noggriga  Creek,  cinnabar  found  in,  33M 

Nora,  cadmium  in  zinc  ores  from,  321 

North  America,  localities  for  platinum 
in,  775 

North  Carolina,  tin  ore  found  in,  479 

Norway,  cadmium  in  blende  from,  321  ; 
localities  for  nickel-bearing  pyrites, 
641 

Notsch,  cadmium  in  blende  from,  321) 

Noumea,  treatment  of  garnierite  at,  695 


Oakland,    production    of    antimony    in 

shaft  furnaces  at,  576 
Oathill,  modern  furnace  for  mercury  ex- 

.    traction  at,  380-386 

Oberhausen,  caloiners  for  blende  used  at, 

56 ;  Ross  and  Welter^s  furnace  at, 

59  ;  muffle  furnaces  used  at,  79,  9i> ; 

zinc  extraction  at,  207 

Oberschlemma,  extraction  of  bismuth  at, 

454 
Oerebro,  cadmium  in  blende  from,  321 
Offenbanya,  cadmium  in  blende  from,  3d> 
Oldbury,  Deville  and  Castner's  process 

used  at,  802 
Omapersee,  cinnabar  found  in.  338 
Oporto,  stibnite  found  at,  557 
Oregon,  occurrence  of  cinnabar  in,  337 
Oruro,  wurtzile  found  in,  18 
Ouro  Preto,  cinnabar  found  at,  337 
Overpelt,  Belgium,  furnaces  for  zinc  dis- 
tillation at,  141,  155 


R 


Palmerton,  production  of  zinc  white  at, 

306 
Par,  furnaces  for  roasting  tin  ore  used 

at,  486 
Paranagra,  cinnabar  found  at,  337 
Pedemal,  cinnabar  found  at,  337 
Peggau,  cadmium  in  blende  from,  320 
Pemisylvania,  zinc  blende  and  calamine 
found    in,    19 ;    extraction  of    zinc 
white  at,  297 ;   genthite  found  in, 
640 ;   nickel-bearing    magnetite   in, 
641 
Pentsch,   kaolin  for   muffles  from,  115, 

116 
Penzance,  tin  smelting  at,  520 
Perak,  tin  smelting  at,  497,  505 
Persia,  realgar  found  in,  603 
Perth    Amboy,   N.J.,   analysis  of   clay 

from,  117 
Peru,  La  Salle  furnaces  for  zinc  distil- 
lation at,   155;  cinnabar  found  in, 
337  ;  tin  ore  found  in,  479  ;  stibnite 
found  in,  558 
Petrowsk,  zinc  blende  found  in,  19 
Philadelphia,    extraction    of    tin    from 

cuttings  at,  547 
Phillipville,  calamine  found  at,  19 
Pian    Castagnio,     cinnabar    found     at, 

335 
Piedmont,    zinc  blende  found    in,    19  ; 
calamine    foutid    in,     19 ;    see   also 
Sesia  and  Scopello  Works 
Pitkai-anta,  tin  ore  found  at,  478 ;  fur- 
nac(;s  for  reduction   of   tin  ore  at, 
496  ;  tin  smelting  at,  504 
Ponte    di   Nossa,   furnace    for    burning 

calamine  used  at,  31*-33 
Pontgibaud,  voltzite  found  at,  20 
Portugal,    localities    for    stibnite,   557 ; 

mispickel  found  in,  603 
Poullaouen,  composition  of  slag  from  tin 

works  at,  519 
Prayon,  Belgium,  furnaces  for  zinc  dis- 
tillation at,    141,    147,    148*,    149*, 
155  ;  zinc  extraction  at,  166 
Provence,  zinc  blende  found  in,  19 
Przibram,   wurtzite  found   at,   18  ;  cad- 
mium  at,   319 ;   stibnite   found   at, 
557  ;  pyros  til  bite  found  at,  558 
Pulaski,  zinc  extraction  at,  168 ;  Bertha 

spelter  from,  221 
Pulo   Brani,   tin   smelting  at,   514-518, 
521  ;  composition  of  slag  from,  519  ; 
treatment    of    tin    slags    at,    523 ; 
liquation  of  tin  at,  531 
Purchena,  mercury  ores  found  at,  336 


Q 

Queensland,  bismuth  found  in,  449 
VOL.    II 


Raibl,   zinc  bloom   found  at,  20 ;  cad- 
mium in  blende  from,  320 
Rakonitz,  analysis  of  shale  from,  116 
Rammelsberg,  composition  of  zinc  ores 

from,  314 
Redlington,  mercury  ores  at,  336 
Redruth,  bismuth  found  at,  449 
Reichenstein,  mispickel  found  at,  603  ; 
lollingite    at,    603 ;    extraction    of 
arsenic  at,   606;  muffle  furnace  for 
preparation  of  white  arsenic,  609*, 
610  ;  production  of  rohglas  at,  621  ; 
refining  of  rohglas  at,  622  ;  produc- 
tion of  orpiment,  623 

Rhcinfelden,  H<^rault's  process  used  at, 
831 

Rhine,  platinum  found  in  the  sands  of 
the,  775 

Rhine  Provinces,  furnaces  used  in,  for 
zinc  distillation,  205  ;  losses  of  zinc, 
209 

Ribas,  extraction  of  arsenic  at,  606,  615  ; 
preparation  of  white  arsenic  glass, 
620  ;  production  of  rohglas  at,  621  ; 
refining  of  rohglas,  622 

Rich  Hill,  Pittsburg,  furnaces  for  zinc 
distillation  at,  155 

Riddle  Station,  Oregon,  nickel  ore  found 
at,  640 

Riechelsdorf,  smaltine  found  at,  754 

Rodna,  cadmium  in  blende  from,  320 

Rosdzin,  muffle  furnace  used  at,  91  ; 
zinc  distillation  at,  171,  200,. 202 

Rosenau,  Hungary,  native  mercury  at, 
334  ;  mercurial  f  ah  lore  at,  338 

Riibland,  cadujium  in  blende  from,  320 

Ruda,  cadmium  in  coal  from,  321 

Ruppersdorf,  kaolin  for  muffles  from, 
115,  116 

Russia,  localities  for  zinc  blende,  19  ; 
for  calamine,  19 ;  occurrence  of  cin- 
nabar in,  335  ;  localities  for  platinum 
in,  774 


S 


Saarau,  clay  for  muffles  from,  115,  116 
Sagmyrna,  heap  roasting  of  nickel  ores 

at,  652 
St.  Andreasberg,  native  arsenic  found  at, 

602;    preparation   of  white   arsenic 

at,    610,    620 ;     nickel    antimonide 

found  at,  639 
St.  Annathal,  shaft  furnace  for  mercury 

extraction  used  at,  410 
Saint  Benoit,  treatment  of   nickel  speiss 

at,  729 
St.  Denis,  extraction  of  zinc  at,  266 
St.  Helens,  Bayer's  process  at,  826 
St.  Ix)uis,  analysis  of  clay  from,  117 
St.    Petersburg,   extraction  of  platinum 

at,  782 
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St.  Romualdo,  cinnabar  found  at,  .337 

Sala,  mercury  ores  at,  336 

San  Antonio  del  Potrero  Grande,  bis- 

math  found  at,  449 
San  Benito  County,  mercury  ores  in,  337 
San  Donatodi  Ninea,  mercury  ores  found 

at,  336 
San  Onofre,  occurrence  of  onofrite  at,  338 
Sangerhausen,  smelting  of  kapfernickel 

at,  706 

Santander,    zinc    blende  and    calamine 

found  at,  19 ;  zinc  bloom  found  at, 

120  ;  mercury  ores  found  at,  336 

Santa  Catherina,  cir.nabar  found  at,  337 

Santa  Clara  County,  mercury  ores  found 

at,  336 
Santa  Cruz,  cinnabar  found  at,  337 
Santo  Paulo,  cinnabar  found  at,  337 
Santo  Toni^,  cinnabar  found  at,  337 
Sardinia,  zinc  blende  found  in,  18  ;  cala- 
mine foimd  in,  19  ;   stibnite   found 
in,  657 
Satumia,  mercury  ores  found  at,  336 
Saxony,  furnaces  for  roastins  tin  ore  in, 
484, 485  *  ;  treatment  of  roasted  ore, 
490 ;  composition  of  refined  tin  from, 
533 ;    localities  for  smaltine,    754 ; 
preparation  of  smalt  in,  767,  768 
Schisshyttan,  cadmium  in  blende  from, 

321 
Scharley,  cadmium  in  blende  from,  320 
Schlackenwald,  tin  ore  found  in,  479  ; 
analysis  of  tin  slags  from,  507  ;  com- 
position of  refined  tin  from,  633 
Schladming,    lollingite  found  at,    603 ; 
nickel  glance  found  at,  639  ;  content 
of  nickel  in  ore  at,  641  ;  roasting  of 
arsenical  nickel  ores  at,   702,  705 ; 
of  speiss,   712;  production  of  crude 
nickel,  713  ;  composition  of  coarse 
nickel  from,  748 
Scbmiederschacht,  cadmium  in  coal  from, 

321 
Schneel)erg,  metallic  bismuth  found  at, 

449 
Schwarzenberg,  cadmium  in  blende  from, 

320 ;  bismuth  found  at,  449 
Schwientochlowitz,   analysis  of    broken 

retorts  from,  118 
Senday,  Japan,  cinnabar  found  at,  338 
Senegal,  bauxite  found  in,  797 
Sensa,  antimony  bloom  found  at,  558 
Sept^mes,   stibnite   found  at,   557  ;   re- 
duction of  antimony  at,   673,  576 ; 
refining  at,  584 
Servia,  localities  for  stibnite,  557 
Sevenne,  mercury  ores  found  at,  336 
Sewaren,  extraction  of  tin  from  cuttings 

at,  547 
Shropshire,  zinc  blende  found  in,  19 
Siak,  composition  of  tin  from,  501 
Siam,  tin  ore  found  in,  479 
Siegen,    nickel   antimony  glance   found 
at,  639 


Siele,  cinnabar  at,  335 ;  newer  shaft 
furnaces  for  mercury  extraction  at, 
414*,  416 

Siena,  roasting  antimony  ores  at,  569 ; 

mg  production  of  antimony  at,  57t) : 
refining  at,  588 

Sierra  Morena,  occurrence  of  cinnabar  in 
the,  335 

Silesia,  zinc  blende  found  in,  18 ;  cala- 
mine found  in,  19  ;  pimelite  ami 
gamierite  found  in,  640 

Skutterud,  cobaltine  found  at,  755 

Sraethwick,  Mond  process  used  at,  68.3 

Smyrna,  calamine  found  in,  19 

Solforate,  cimiabar  found  at,  335 

South  Dakota,  stibnite  found  in,  558 

South  America,  localities  for  bismuth 
ores,  449  ;  localities  for  platinum  in. 
775 

Spain,  localities  for  zinc  blende,  19: 
for  calamine,  19  ;  localities  for 
mercury  ores  in,  336  ;  localities  for 
stibnite,  557 ;  localities  for  mis- 
pickel,  603 ;  platinum  found  in,  ll'* 

Spizza,  Dalmatia,  cinnabar  found  at. 
336 

Sterzing,  Tyrol,  cadmium  in  blende 
from,  320 

Stolberg,  Hasenclever  furnace  used  at. 
86,  87 ;  absorption  of  sulphur  di- 
oxide at,  71 

StoUarzowitz,  cadmium  in  calamine  from, 
320 

Stollersbachthal,  cadmium  in  blende 
from,  320 

Striegau,  clay  for  mufHcss  from,  116 

Styria,  composition  of  zinc  from,  220; 
cadmium  in  ores  from,  320;  mispirkel 
and  lollingite  found  in,  603 

Sudbury,  millerite  found  at,  630; 
paniierite  at,  639,  641  ;  heap  roast- 
ing of  nickel  ores  at,  661,  652: 
water-jacket  furnace  used  for  treat- 
ment of  nickel  ores  at,  656,  657  * : 
smelting  of  roasted  nickel  ores  at. 
663 ;  refining  of  matte  at,  677 : 
occurrence  of  sperrj'lit,  775 

Sulphur  Bank,  O&Iifomta,  formation 
of  cinnabar  at,  334 ;  merciir}'  oref^ 
at,  336,  3:^7 

Sumatra,  cinnalMir  found  in,  338  ;  tin  ore 

found  in,  479 
Sunnasjo,  cadmium  in  zinc  ores  from,  321 

Swansea,  Gerstenhofer  furnace  used  at. 
52;  treatment  of  Broken  Hill  ort^ 
at,  292 
Swaziland,  tin  ore  found  in,  479 

Sweden,  localities  for  zinc  blende,  19; 
percentage  of  cadmium  in  blemle< 
from,  321 ;  bismuth  glance  found  in, 
449 ;  tin  ore  in,  478 ;  localities  for 
nickel-bearing  pyrites,  641  ;  IocaII 
ties  for  cobaltine,  755 
Szlana,  mercurial  fahlore  at,  338 


Tamowitz,  electrolytic  extraction  of  zinc 

at,  252;  cadmium  in  calamine  from, 

320 
Tarvis,  cadmium  in  blende  from,  320 
Tasmania,  zinc  blende  found  in,  19;  tin 

ore  found  in,  479 
Tennessee,  zinc    blende    and    calamine 

found  in,  19 
Tent  Hill,  N.S.  Wales,  furnace  for  tin 

smelting  at,  513 
Texas,  occurrence  of  cinnabar  in,  337 ; 

genthite  found  in,  640 
Tobiscon,  mercury  ores  found  at,  336 
Tolima,  cinnabar  found  at,  337 
Tostedt,    roasting  of   tin   ore  at,   486 ; 

treatment  of  tin  slags  at,  522-525; 

liquation  furnaces  at,  531 
Tras,  tin  smelting  at,  504 
Transbaikalia,  tin  ore  found  at,  478 
Treleighwood,  furnace  for  roasting  tin 

ore  at,  486 
Tristyn,  Croatia,  cinnabar  found  at,  336 
Tunaoerg,  smaltine  found  at,   754  ;  co- 

baltijie  at,  755 
Tunis,  cinnabar  found  in,  338  ;  localities 

for  mispickel,  603 
Turkey,  localities  for  calamine,  19  ;  stib- 

nite  found  in,  558 
Tuscany,   stibnite  found   in^  557;    cer- 

vantite  found  in,  558 
Tyrol,  zinc  blende  found  in,  18 


U 


Ueckerrath,  cadmium  in  blende  from, 
320 

Uetikon,  treatment  of  tin  cuttings  at,  542 

United  States,  analyses  of  fire-clay  used 
for  retorts  in,  117  ;  localities  for  tin 
ore,  479 ;  localities  for  mispickel, 
603 

Upper  Silesia,  charges  for  zinc  distilla- 
tion in,  195  ;  zinc  losses,  209  ;  com- 
position of  flue  dust,  216 ;  composi- 
tion of  zinc  fume  from,  221 

Utah,  zinc  blende  found  in,  19  ;  bismuth 
found  in,  449  ;  slibnite  found  in,  558 


Vallalta,  Agorda,  occurrence  of  cinnabar 

at,  335 
Varallo,  nickel  ore  found  at,  641 
Vaulois,  tin  ore  found  at,  479 
Vieille  Montague,  distillation  of  zinc  at, 

133;  furnaces  for,  141 
Villeden,  furnace  for   tin   smelting  at, 

511  ;  tin  smelting  at,  520 
Villeveyrac,  analysis  of  bauxite  from, 

797 
Virginia,  zinc  blende  and  calamine  found 

in,  19  ;  tin  ore  found  in,  479 
Volterra,  mercury  ores  found  at,  336 


W 

Wales,  zinc  blende  found  in,  19 
Wallsend,  Netto's  process  used  at,  804 
Wanlockhead,  cadmium  in  blende  from, 

320 
Welkenraedt,  zinc  blende  found  at,  19  ; 

calamine  found  at,  19 
Westphalia,  zinc  blende  found  in,  18  ; 

calamine  found  in,  19 
Weston  Point,  England,  Swinburne  and 

Ashcroft's  process  at,  288 
Wicklow,  platinum  found  in,  775 
Winnington,    electrolytic  extraction   of 

zinc  at,  252,  271,  278 
Wisconsin,  zinc    blende    and    calamine 

found  in,  19 
Woodbridge,  analysis  of  clay  from,  117 
Wolfsberg,  liquation  of  antimony  at,  561 
Wolfstein,  deposits  of  mercury  at,  336 
Wyoming,  occurrence  of  sperrylit  at,  775 


Zacntecas,  cinnabar  found  at,  337 
Zaghouan,  hemimorphite  found  at,  20 
Zamora,  Portugal,  tin  ore  found  at,  478 
Zinnwald,   bismuth  found  at,  449  ;    tin 

ore  found  at,  479 
Zmeoff,  Siberia,  native  arsenic  found  at, 

602 
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Asterisks  (*)  denote  illnstraiions.         "n"  denotes  footnote. 


Abb6  Dony,  designer  of  Li^ge  furnace, 

143 
Abraumsalz,    used    in    treating    cobalt 

ores,  762 
Actiengesellschaft      fiir      Glasindustrie, 

Dresden,  gas  firing  by,  147 ;  furnace 

used  bv,  156 
Adapters,  lor  zinc  distillation,  139,  140 ; 

used  in    zinc    distillation,    172   (see 

aim  under  Kleeman  and  Dagner) 
Adobes,  357 
Aim,  on  composition  of  nickel  matt^from 

Sudbury,  659 
Aikinite,  450 
Alberti,    constructor    of    reverl^eratory 

furnaces  for  mercury  extraction,  399, 

400*,  407* 
Allen,  treatment  of  nickel  ores,  720 
Aludels,  347,  349* ;  aludel   furnace,   nee 

Bustnmente  furnace 
Aluminium,    physical    properties,    789 ; 

chemical  properties  of  compounds, 

790-794;      alloys      of,       794-796; 

materials  for  extraction  of,  796-799 
extraction     in     dry    way,     799-808 ; 

Deville's  process,   799-802 ;  process 

of  Deville  and  Castner,  802-803 ;  of 

Netto,  804  ;  of  Grabau,  805,  806 
extraction  by   reduction   of    alumina, 

806-808 
extraction    bv    electrolytic    methods, 

808  837 ;    from    ahmiina,    820-832 ; 

from   aluminium   fluoride,   832-834; 

from  aluminium  sulphide,  834-837 
preparation  of  alloys,  837-841 
Cowles'    process,   837-840 ;    H^'rault's 

process,  840,  841 
oxide,   792 ;   chloride,   '393  ;  sulphide, 

793  ;  carbide,  794  ;  silicide,  794 
Allu vials  or  placers,  platinum  found  in, 

774 
American  Mine,  California,  distillation  of 

mercury  at,  417 
Andre,  on  extraction  of  nickel,  739 


Annabergite,  localities  for,  639 
Antimony,     physical     properties,     551 ; 
w^  properties  of  compounds  of,  552-556  ; 
alloys  of,  557  ;  ores,  557-558 
extraction  in  dry  way,  559^589  ;  liqim- 
tion,  561-566 ;  ti'eatment  of  antimony 
glance,    566;    roasting    and    reduc- 
tion   method,    667-578 ;    precipita- 
tion method,  578-582;    refining  of, 
583  589 
extraction  in  the  wet  way,  589,  590 
electrolytic  extraction,  591-597 
removal  of   antimony  from  bismuth. 

469 
antimoniates,   their  behaviour   in  the 

zinc  distillation  process,  116 
antimony  ash  {cinis  aniimomi)^    553 ; 

cinnabar,  555 
glass,  556  ;  star,  551,  560 
hydride,     553 ;      oxides,     553,      ,V>4 ; 

chlorides,  554 
sulphides,  555  ;  oxy-aalts,  556 
Arago,  see  Biot,   on  specific  gravity  of 

mercury,  329 
Araud,  treatment  of  nickel  ores,  720 
Argentin,  541 

Argentite,  its  behaviour  on  roasting,  47 
Armstrong,   proposed  shaft  furnace  for 

production  of  zinc,  239 
Arsenic,  its  effect  upon  xine,  4 ;  its  re- 
moval   from    bismuth,     468,     469 : 
physical  properties,  598 ;  properties 
of  its  compounds,  599-603 ;  extrac- 
tion in  the  dry  way,   604-606;  by 
electrolytic  method,  607 
manufacture  of  crude  arsenions  oxide. 
608-616 ;    refining   of  crude  oxide. 
616 ;    production  of    white   arsenic 
glass,     617-620;     manufacture     of 
realgar,     620-622;      of     orpiment, 
622-624;  extraction  of  arsenic  from 
residues,  624,  625 
glass,  599 

oxides,  599,  600 ;  sulphides.  6«U  : 
hydrides,  601  ;  chlorides,  602 ;  ore>!, 
602,603 


Araenides,  their  behaviour  on   roasting, 

46 
Ashcroft,  on  action  of  chlorine  upon  xinc 

blende,  14 ;  his  method  for  treating 

zinc  and  silver-lead  ores  at  Cockle 

Creek,  279 
Ashcroft,  see  Swinburne 
Aubel,  on  spitting  of  platinum,  771 
Aurora  Works,  Gladenbach,  roasting  of 

nickel-copper  matte,  691 


B 


Badonreau,  on  slagging  of  nickel  by  iron 
silicate,  633  n  ;  on  formation  of  nickel 
speiss,  635 ;  on  Swe<lish  nickel  ores, 
662;  on  smelting  for  nickel  speiss, 
705 

Bailie  and  Ferny,  on  aluminium  amal- 
gams, 795 

Balbach  Smelting  Co.,  electrolytic  re- 
fining of  nickel  at  the  works  of, 
747 

Barilla,  478 

Bams,  on  influence  of  pressure  on  boiling 
point  of  zinc,  2 ;  on  liquefaction  of 
zinc  vapours,  235 

Barytes,  effect  of,  on  the  calcination  of 
blende,  46 ;  its  influence  on  distilla- 
tion of  zinc,  1 10 

Bartlett,  his  process  for  treating  zinc 
ores,  308  {nee  Thomsen) 

Bauxite,  ita  composition  and  occurrence, 
797 

Bayer,  his  process  for  preparing  alumina 
from  bauxite,  821,  823-826 

Beatson,  on  electrolytic  preparation  of 
tin,  545 

Becquerell,  on  electric  conductivity  of 
zinc,  2 ;  on  boiling  point  of  zinc,  2 ; 
on  boiling  point  of  tin,  317 ;  on 
electric  conductivity  of  tin,  474 

Belgian  furnaces  for  zinc  distillation, 
120,  121* 

Belgo-Silesian  (or  Rhenish -Silesian)  fur- 
naces for  zinc  distillation,  120-124*, 
147 

Bell-metal  ore  or  tin  pyrites,  479 

Bellingrodt,  on  mercury  in  Swedish 
blende,  438 

Bergen  Port  Zinc  Works,  X.J.,  zinc  ex- 
traction at,  167 

Beringhofen,  nee  Nolte 

Berthelot,  on  boiling  point  of  zinc,  2  ;  on 
boiling  point  of  nickel  carbonyl,  636 

I^rtha  spelter,  composition  of,  221 

Bertha  ^inc  Works,  Pulaski,  zinc  ex- 
traction at,  168 

Berthier,  on  action  of  zinc  oxide  upon 
litharge  and  alkaline  carbonates,  10  ; 
on  reactions  of  zinc  sulphide,  12  n, 
13  n ;  on  alloys  of  iron  and  tin,  478  ; 


on  composition  of  hardhead,  5(J2; 
of  slags  from  Altenwald,  507  ;  on  the 
precipitation  method  for  antimony 
extraction,  579 

Bettendorf,  nee  Wiillner  . 

Berzelius,  on  alloys  of  iron  and  tin,  478 

Berzelius  Zinc  Co.,  Gladbach,  zinc  ex- 
traction by,  207 

Beuthen  Works,  Morgenroth,  analysis  of 
refined  zinc  from,  228 

Biewend,  on  condensation  of  zinc,  243  ; 
on  reduction  of  blende  with  iron, 
245  ;  on  reduction  of  zinc  blende 
with  iron,  237 

Bieberite,  or  cobalt  vitriol,  755 

Binon  and  Orandfils,  furnace  for  zinc 
distillation,  127*  ;  mixing  of  zinc 
charges,  163 ;  on  charge  for  zinc 
extraction,  207 

Biot  and  Arago,  on  specific  gravity  of 
mercury,  329 

Birkengang  Works,  Stolberg,  zinc  ex- 
traction at,  208 

Bischoff  and  Tiemann,  electrolytic  pre- 
paration of  pure  nickel  by,  733;  tneir 
method  for  preparing  pure  cobalt, 
764 

Bismuth,  physical  properties,  444  ;  pro- 
perties of  compounds,  445-449  ;  ores, 
449 
extraction  in  dry  way,  450-459 ;  from 
the   native   metal,    451-455;     from 
bismuth  glance,  455-457  ;  from  oxide 
ores,  457  ;  from  mattes  and  alloys, 
458,  459 
extraction  in  the  wet  way,  459-463 ; 
from  ores,  460 ;    from  furnace  pro- 
ducts, 461  463 
extraction    by    electrolytic   methods, 

463-467 
refining  of  bismuth,  467-472 ;  in  the 
dry  way,  468-470 ;  in  the  wet  way, 
470472 
oxides,  445  ;  chlorides,  446  ;  oxy-salts, 
447  ;  sulphides,  447 ;  alloys,  448 

Blair,  analysis  of  refined  antimony,  587 

Blanc  fixe,  250 

Bias  and  Miest,  on  electrolysis  with  zinc 
sulphide  anodes,  272 

Blast  furnaces  for  smelting  roasted 
nickel  matte,  667 

Blekerode,  analysis  of  criule  platinum 
by,  775 

Blende  (zinc  sulphide),  occurrence  of, 
18,  19  ;  occurrence  of  cadmium  in, 
320,  321 

Boot i  us  generator,  203 

Boettger,  on  removal  of  oxide  films  from 
arsenic,  606 

Bohne,  on  treatment  of  tin  refinery 
dross,  535 ;  on  recovery  of  tin  from 
slags,  544 

BoUey,  on  specific  gi-avity  of  zinc,  1  ;  on 
solution  of   zinc    in  acids,   5 ;    his 
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method  for  recovering  arsenic  from 
aniline  liquors,  624 

Booth,  analysis  of  refined  antimony,  587 

Borchers,  on  depolarisation  during  elec- 
trolysis of  zinc  salts,  263  ;  on  treat- 
ment of  zinc  waste,  285  n  ;  electro- 
lysis of  zinc  chloride,  286,  287*  ;  on 
extraction  of  cadmium,  328  n ;  his 
furnace  for  extraction  of  bismuth, 
456  ;  on  electrolytic  extraction  of 
bismuth,  463-467  ;  on  removal  of 
lead  from  bismuth,  468 ;  on  separa- 
tion of  lead  from  tin,  533  n ;  on 
electrolytic  preparation  of  tin, 
544 ;  on  electrolytic  production  of 
antimony,  591  ;  on  electrolytic  pro- 
duction of  nickel,  732  ;  treatment  of 
alloys  of  nickel,  copper,  and  iron, 
736 ;  on  aluminium  carbide,  794  ;  on 
reduction  of  alumina,  807  ;  his  baths 
for  electrolyis  of  alumina,  816,  818*, 
819* 

Borgnet,  on  Belgian  furnaces  at  Swansea, 
143  n ;  Cornwall  furnace  of,  145, 
146» 

Bottger,  on  electrolysis  of  nickel  salts, 

Boudouard,  on  reduction  of  zinc  oxide 

with   carbon,   9  ;    on    reduction   of 

nickel  oxide,  629 
Boussingault,  on  solution  of  carbon    in 

nickel,  628 
Brackelsberg,  on  zinc  extraction  in  re- 

verberatory  furnaces,  240 
Brame,  on  volatility  of  mercury,  342 
Brand,  on  extraction  of  cadmium,  328 ; 

on  electrolvsis  of  cinnabar,  440 ;  on 

the  electrolytic  refining  of  tin,  549  n 
Brandenburg  and  Weyland,  on  recovery 

of  tin  from  slags,  544 
Brasa,  351 
Breithauptite,    or     nickel     antimonide, 

occurrence  of,  639 
Bridgeman,  rotating  cathodes  of,  283* 
Brisson,  on  specific  gravity  of  zinc,  1 
Bronze,  796 

Brown's  horseshoe  furnace,  62 
Browne,    his  process  for  tre;itment    of 

copper-nickel  alloys,  745 
Brunner,  Mond,  and  Co. ,  Hopfner's  pro- 
cess used  by,  278 
Brunton's    calciner    for    preparation  of 

white  arsenic,  610,  611* 
Bucherer,  on  preparation  of  aluminium 

from  its  sulphide,  834,  835 
Buchner,    on   composition   of  orpiment, 

623  n 
Bugdoll,  nozzle  of,  179* 
Bunsen,    on    electrolysis  of   aluminium 

compounds,  809 
Burghardt,  on  extraction  of  zinc  from 

sodium  zincate,  275 
Burnt  zinc,  226 
Bustamente  furnace,  348*-352 


Cadmium,  its  effect  upon  zinc,  3 
physical  properties,  318  ;  extraction  of , 

321 
sulphide,   318;  oxide,   319;  hydrate, 
319 ;  alloys,  319 

Calamine  or  zinc  spar,  19 

Calcite,  its  effect  on  the  calcination  of 
blende,  46 

Calcium  sulphate,  its  effect  on  distilla- 
tion of  zinc,  110 

Calvert  and  Johnson,  on  thermal  expan- 
sion of  zinc,  2 ;  on  electrical  oondnc- 
tivity  of  mercury,  329 ;  on  thermal 
expansion  of  bismuth,  444  ;  on  ther- 
mal expansion  of  tin,  474 ;  on  thermal 
expansion  of  antimony,  551 ;  thermal 
conductivity  of  antimonv,  552 

Canadian  Copper  Co.'s  Works,  smelting 
of  nickel  ores  at,  663 

Cannons,  in  zinc  manufacture,  143,  144 

Cappeau,  his  modified  Ropp  furnace,  65 

Carbon,  its  presence  in  zinc,  4 
monoxide,   absorption  of,    by  nickel, 
627,  749 

Carborundum,  proposal  for  manufacture 
of,  246 

Carey,  his  method  of  treating  tin-plate 
cuttings,  542 

Carinthian  furnaces  for  zinc  distillation, 
120 

Carnelley,  on  boiling  point  of  bismuth, 
444 ;  on  boiling  point  of  antimonv, 
551 

Camot,  on  extraction  of  bismuth  at 
Meynac,  460  n 

Caron  and  Deville,  on  alloys  of  iron  and 
tin,  478 

Carondelet  Zinc  Works,  Miss.,  composi- 
tion of  zinc  fume  from,  221 

Carter,  his  proposal  for  refining  tin,  533 

Carr,  disintegrator  of,  for  preparation  of 
retorts,  134 

Casaretti  and  Bertani,  on  electro- 
thermal production  of  zinc,  247  w 

Casettes  used  in  mercury  extraction,  347 

Cassel  and  Kjellin,  on  electrolytic  ex- 
traction of  zinc,  270 

Cassiterite,  476,  478,  479 

Castellero,  extraction  of  mercury  in 
California  by,  337 

Castner,  see  Deville,  his  process  for 
manufacture  of  sodium,  803 

Cavendish,  on  melting  point  of  mercurv, 
329 

Cervantite,  occurrences  of,  558 

Chalcopyrite,  its  behaviour  on  calcina- 
tion, 45 

Chapman,  his  shield,  162* 

Charpentier  Page,  on  tensile  strength  of 
bronze,  796 

China,  poor  mercurial  ore,  analysis  of. 


Chinese  furnace  for  reduction  of  tin  ore, 

496^98 
Chlorine,  its  presence  in  zinc,  5 ;  action 
on  zinc   olende,  13;    treatment    of 
zinc  ores  with,  289 ;  its  action  on 
platinum,  772 
Chloanthite,  or  white  nickel  ore,  com- 
position of,  639 
Choate,    furnace    for    zinc    distillation, 

128*  ;  on  extraction  of  zinc,  271 
Christofle,   on  treatment  of  garnierite, 

721,  728 
Cinnabar  or  cinuabarite,  properties  and 
occurrence  of,  334-338  ;  preparation 
of  artificial,  441^43 
Clancy  Marsland,  on  treatment  of  Broken 

Hill  ores,  294 
Classen,  on  use  of  oxalates  in   electro- 
lytic work,  263 ;  on  melting  point  of 
bismuth,  444 
Claus,  on   refining  of  tin  electrometal- 

lurgically,  549 
Clinker,     analysis    of,     from     Bartlett 

process,  311 
Coal,  occurrence  of  cadmium  in,  321 
Cobalt,    its    separation     from     nickel, 
723 
physical  properties,   753 ;    properties 
of    compounds,    753,     754 ;    ores, 
764 
extraction  of  metallic  cobalt,  756-765 
proiluction  of  smalt,  765-769  ;  of  other 

compounds,  769,  770 
oxides,  753 ;  sulphide,  754  ;  sulphate, 
754 
Cobaltamines,  754 
Cobaltiue,  754 
Goccinite,  338 
Coehn,  on  electrolysis  of  zinc  solutions, 

255,  270 
Coehn    and    Salomon,     on    electrolytic 
separation  of  cobalt  and  nickel,  764 
Colonne,  for  extraction  of  sulphur  di- 
oxide, 102,  103* 
Condensers  for  mercury  vapour,    363*, 

374,  375* 
Conechy,  on  temperature  of  volatilisation 

of  arsenic,  598 
Convers  and  De  SauUes,  furnace  of,  for 

zinc  distillation,  157*,  158*,  159* 
Converters  for  refining  of  nickel  matte, 

676 
Cookson  and  Co. ,  antimony  extraction  by, 

579 
Copper,  its  influence  upon  zinc,  4 ;   its 

removal  from  bismuth,  470 
Coralline  ore,  334 

Cornish  furnaces  for  tin  smelting,  511 
Cornwall   furnace  for  zinc  distillation, 

145,  146* 
Corundum,  occurrence  of,  798 
Cowles,  on  electro- thermal  production  of 
zinc,  246  ;  on  electrolytic  prepara- 
tion of  aluminium  alloys,  808,  810  ; 


preparation  of  aluminium  alloys  by 

the  Cowles  brothers,  837-840 
Cowper-Cowles,   on  electrolysis  of  zinc 

solutions,  255 ;  on  extraction  of  zinc 

from  its  ores,  280 
Creightou,  on  the  melting  point  of  tin,  474 
Crookes,  thallium  found  in  cadmium  by, 

325 
Cryolite,  composition  and  occurrence  of, 

798 
Currie,    on   electrolytic    production    of 

zinc,  272  ;  see  cuho  Squire 
Cyanide  of  nickel,  its  effect  upon  nickel,  749 
Czermak,  furnace  of  (Schtittofen),  388, 

389*-392;  condensers  of,  398* 
Czermak-Spirek    furnace    for    mercury 

extraction,  393*-399 

D 

Dagner,  his  tidapter,  174,  175* 

Daneel  and  Kiigelgen,  on  the  electro- 
lytic production  of  tin,  481 

Daniel  1,   on   melting  point   of   zinc,  2 
temperature  of  ignition  of  zinc,  3 

Davis,  on  treatment  of  Broken  Hill  ores, 
294 

Dean,  on  the  combination  of  oxides  of 
tin  and  silica,  477 

Debray,  nee  Deville 

Decomposition  tower  used  in  Mond 
process,  689* 

De  Coppet,  on  treatment  of  roasted 
nickel  matte,  723 

De  Luyne,  his  proposal  for  the  extraction 
of  bismuth,  463 

Demarcay,  on  boiling  point  of  antimony, 
551 

Deschamps,  on  the  purification  of 
bismuth,  471 

Deville,  on  reduction  of  zinc  oxide  with 
hydrogen,  9  7t ;  on  tensile  strength 
of  nickel,  626 ;  analysis  of  crude 
platinum  by,  775 ;  on  crystallisation 
of  aluminium,  789 ;  his  process  for 
the  extraction  of  aluminium,  779-802 ; 
on  electrolysis  of  aluminium  com- 
pounds, 809 

Deville  and  Castner,  their  process  for 
extraction  of  aluminium,  802,  803 

Deville  and  Debray,  on  specific  gravity 
of  platinum,  771 ;  their  method  for 
extraction  of  platinum,  779-782 

Deville  and  Troost,  on  boiling  point  of 
zinc,  2  ;  on  boiling  point  of  tin,  317 

Dick,  on  reduction  of  zinc  oxide  with 
hydrogen,  9  n 

Dijk,  his  method  for  liquation  of  tin, 
527 

Dixon,  treatment  of  nickel  ores,  720, 730 

De  Bechi,  on  treatment  of  Broken  Hill 
ores,  295 

Dobereiner,  «ce  Hopff;  his  method  for 
extraction  of  platinum,  783 
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Dolomite,  its  effect  on  the  calcination 
of  zinc  blende,  47 

Donath,  his  method  of  treating  tin- 
plate  enttinga,  542 

Dor,  his  furnace  for  xinc  distillation, 
158 

Dorr,  moulding  machine  of,  137* 

Dorsemagen,  on  action  of  chlorine  upon 
zinc  blende,  14  ;  on  extraction  of 
.zinc,  290  n;  on  production  of 
carborundum  and  ferro-silicon  alou^ 
with  zinc,  246;  on  treatment  c>f 
zinc  blende  containing  barytes,  316 

DrakeweUs  Mine,  removal  of  tungsten 
from  tin  ore  at  the,  490 

Dullo,  on  extraction  of  platinum,  785 

Dulong  and  Petit,  on  boiling  point  of 
mercury,  329 

Diirre,  on  zinc  distillation,  205  «  ;  on 
composition  of  frankliuite  and 
willemite,  297  ;  of  residues  from 
the  zinc  white  process,  303 


E 


Ebermayer,  on  composition  of  nickel 
slags,  674 

Edelmann  and  Wallin,  on  production  of 
zinc  in  electric  furnace,  247 

E<]elmann,  nee  Roessler 

Edmunds,  his  process  for  the  treatment 
of  tin  cuttings,  539 

Edwards,  on  extraction  of  antimony  in 
the  wet  way,  590 

Egleston,  on  furnaces  used  in  the  extrac- 
tion of  mercury,  356  ?{,  361  h  ;  on 
Granitza  furnaces,  376  ?i,  380  « 

Eichhorn,  wc  Liebig 

Eh ren worth,  on  reducing  calcination  of 
zinc  ores,  304 

Electric  calamine,  occurrence  of,  20 

Eliot  and  Storer,  on  influence  of  im- 
purities upon  zinc,  3  n,  4 

Ellershausen,  on  treatment  of  Broken 
Hill  ores,  292 

Eniniens,  his  process  for  treatment  of 
nickel-copper  matte,  690 

Emu  Zinc  Works,  Wales,  Pickard  and 
8ulraan's  process  at,  295 

Engis  Works,  l^lgiuni,  retorts  at,  134 

English  furnaces  for  zinc  distillation, 
120.  126* 

English  tin,  composition  of,  534 

Erdmann,  on  separation  of  nickel  and 
cobalt,  758 

Ery thine,  or  cobalt  bloom,  755 

Eschel,  768 

Eschelmann,  on  electrolysis  of  zinc 
solutions,  263  n 

EscoBura,  on  aludel  furnaces,  348  7i  ; 
on  losses  in  extraction  of  quick- 
silver, 352 


Eulert,  on  proposal  for  extraction  of 
bismuth,  460 

Eulvtine,  450 

Exeli,  his  furnaces  for  mercury  extrac- 
tion, 399,  401*-407*  ;  his  soot  press, 
426,427* 

Exeli  furnace  used  in  extraction  of 
mercury,  358-365 


F 


Fahlore,  mercurial,  338 ;  treatment  of, 
436,437 

Fenwick,  on  electrolysis  of  tin  solutions, 
545 

Ferny,  see  Bailie 

Ferrari,  on  mercuiy  mines,  335  n 

Ferrari's  furnace,  for  burning  calamine, 
35,  37*  ;  for  zinc  distillation,  157 

Ferraris,  on  treatment  of  Broken  Hill 
ores,  295 

Ferric  oxide,  its  influence  on  the  distilla- 
tion of  zinc,  109 

Ferrogoslarite,  20 

Ferro-nickel,  637 

Ferro-silicon,  proposal  for  manufacture 
of,  246 

Filtration  for  refining  of  tin,  533 

Firket,  on  zinc  distillation,  165  n  ;  com- 
position of  zinc  distillation  residue^:, 
211;  composition  of  residues  from 
Belgian  zinc  works,  218 

Fischer,  on  the  calcination  of  zinc  ores, 
44n 

Fizeau,  on  coefficient  of  expansion  of 
nickel,  626 

Flechner,  his  gas  furnaces,  703*,  709* 

Fleitmann,  on  manufacture  of  nickel 
plate,  626 ;  absorption  of  cyanogen 
by  nickel,  628 ;  on  action  of  nickel 
cyanide  upon  the  metal,  749,  750 

Flue  dust,  Bartlett's  process  for  treat- 
ment of,  313 

Folding  furnace,  91,  92*,  93* 

Fonteuay,  aee  Ruolz 

Forster,  on  electrolysis  of  nickel  salts, 
733 

Forster  and  Giinther,  on  electrolysis  of 
zinc  solutions,  257  el  seq. 

Fortschaufelungs  furnace,  for  burning 
calamine,  34 ;  for  calcination  uf 
blende,  55* 

Foullon,  on  the  dimorphism  of  tin,  473 

Fox,  on  dehydration  of  zinc  chloride, 
286 

Francisci,  Carl,  furnace  for  zinc  distilla- 
tion, 128  ;  his  furnace  for  zinc  extrac- 
tion, 244 

Franklinite,  occurrence  of,  20 

Frasch,  on  treatment  of  nickel-copper 
matte,  743 

Fresenius,  on  composition  of  nickel- 
copper  matte,  673 
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Frie<lriuh  Zinc  Works,  Tiirnowitz,  treat- 
ment of  zinc-silver  alloys,  284 

F'romm,  nee  Mylins 

Fry,  on  dehydration  of  zinc  chloride, 
286  ;  treatment  of  slags  from  Broken 
Hill  ores,  292 ;  on  treatment  of 
Broken  Hill  ores,  291 

Funk,  on  zinc  sulphide  in  zinc,  4  ?* ;  on 
carbon  in  zinc,  4 

Furnace  calamine,  20 

Furnaces,  nee  under  Shaft,  Reverbera- 
tory,  &e. 


G 


(xahnite  or  zinc  aluminate,  10 
Galena,  its  behaviour  on  calcination,  45 
GandolH,  on  aludel  furnaces,  348  n 
(ianeliu,  his  process  for  treating  Broken 

Hill  ores,  293 
Gap  Mine,  roasting  nickel  ores  in  shaft 

furnaces  at,  6o3 
Gard,  on  presence  of  graphite  in  nickel, 

628 
Gamier,  discoverer  of  garnierite,  639 ;  on 

removal  of  iron  from  coarse  nickel, 

749  ;  on  use  of  manganese  as  a  purifier 

for  nickel,  751 
(iarnier  and  ThioUier,  on  composition  of 

garnierite,  640 
Garnierite,  occurrence  of,  639  ;  extraction 

of  nickel  from,  695-699 
Garret,   analysis    of    refined  antimony, 

587 
Gas  furnaces  for  zinc  distillation,   188- 

195 
Gay  Lussac  towers  used  in  al>sorption  of 

sulphur  dioxide,  95,  96*,  97 
Genth,   on  formation   of    nickel   oxide, 

728   ^ 
George  Works,  Dobschau,  composition  of 

nickel  speiss  from,  729 
Georgi,  on  the  Silesian  process,  170  n 
German  silver,  637 
(Jersdorffite,  localities  for,  639 
Gerstenhofer  furnace   for  calcination  of 

blende,  51,  52* 
Glaser,   on    zinc   extraction   in   the   re- 

verberatory  furnace,  240 
Glasmachen,  617 
(vhiss,  a  tin  slag,  520 
(ilendale   Zinc    VVorks,    Bram's   furnace 

used  at,  64,  65*,  66* 
Ci lover  towers  for  absorption  of  sulphur 

dioxide,  95,  96*,  97 
Godulla  Works,  composition  of  flue  dust 

from,  327 
Goldschmidt,  on  composition   of  stupp- 

fett,  430 
Oooch,  his   method   for  preparing  alu- 
minium sulphide,  836 
Ciore,  on  electrolysis  of  antimony  penta- 

ciiloride,  b'y'y 


Goslarite,  15,  20 

Cxossan  process  for  extraction  of  nickel, 
717 

Grabau,  his  method  for  preparing  alumi- 
nium fluoride,  793 ;  his  process  for 
extraction  of  aluminium,  805,  806, 
833 

Grandflls,  nee  Binon 

(^ranitza  furnace,  description  of,  372, 
373*,  376,  377* 

Granza  (ore),  365 

Greenockite,  319 

Grillo,  his  furnace  for  calcining  blende, 
83,  84* 

Grillo  and  Liebig,  a  reduction  of  blende 
with  iron,  246 

Grillo  Zinc  Works,  preparation  of  sulphur 
at,  106 

Grobe-Lurmann  producers  used  at 
Moresnet,  151 

(Trobemachen,  617 

Grosse-Bohle,  his  suggested  method  for 
extraction  of  nickel,  718 

Grosser,  on  composition  of  calcium 
sulphite  prepared  at  zinc  works,  72 

Griintzner  and  Koehler,  furnace  for  zinc 
distillation,  128 

Guibal  fan  used  in  mercury  extraction, 
364 

Gunther,  his  liquation  furnace  for  ex- 
traction of  bismuth,  453* ;  on  ex- 
traction of  nickel  clectrolytically, 
737 ;  see  Forster 

Guntz  and  Masson,  on  action  of  carbon 
monoxide  on  aluminium,  791  n 

(luido  Works,  Hasenclever  furnace  used 
at  the,  86*,  87* 

Gutensohn,  process  for  treatment  of  tin 
cuttings,  539 ;  on  electrolytic  pre- 
paration of  tin,  545 

Guttler,  on  gold  in  loUingite  from  Ribas, 
603 


H 


Haas,  his  furnace  for  calcining  blende, 
88,  89* 

Hiihner  furnace  for  mercury  extraction, 
407,  408* 

Hall,  his  process  for  ele<;trolytic  extrac- 
tion of  aluminium,  831  ;  iiis  electro- 
lytic ])ath  for  aluminium  extraction, 
814*,  815 

Hallet  and  Fry,  antimony  extraction  at 
the  works  of,  579 

Halske,  on  electrolysis  of  zinc  solutions, 
255,  259  {t*t't  Siemens) 

Hamborn  Zinc  Works,  zinc  distillation 
at,  202 

Hampe,  on  the  purification  of  bismuth, 
471 

Hardhead,  alloy  of  tin  and  iron,  478  ; 
composition  of,  502,  5.'i5 

Hard  zinc,  228 
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Hargreaves,  his  method  for  making  salt 
cake,  103 ;  on  extraction  of  anti- 
mony in  the  "wet  way,  589 

Harpf,  his  process  for  the  treatment  of 
tin  cuttings,  539 

Hartig,  on  treatment  of  zinc  fume,  233 

Harvey,  his  process  for  making  ferro- 
nickel,  638 

Hasenclever  furnace,  results  of  roasting 
zinc  ore  in,  44 

Hasenclever,  on  neutralisation  of  sulphur 
dioxide,  76 ;  his  furnace  for  calcin- 
ing blende,  85*,  86 

Hasse,  on  electrolysis  of  zinc-silver  alloys, 
284 

Hauer,  on  solders  of  cadmium,  318  n 

Haupt,  his  air  regenerators,  195 ;  on 
occurrence  of  mercury  ores,  335  7i 

Hauzeur,  double  furnace  for  zinc  distilla- 
tion, 149,  150* 

Haycock  and  Neville,  on  melting  point 
of  zinc,  2 

Heap  roastincr  of  nickel  matte,  665 

Hearths  usea  for  refining  of  nickel 
matte,  672 

Hebetine,  occurrence  of,  20 

Hegeler  furnace  for  zinc  distillation,  153, 
154* 

Helmacker,  on  loss  in  antimony  reduc- 
tion, 573  ;  analyses  of  antimony  by, 
582  ;  on  antimony  refining,  585,  587 

Hemimorphite,  14,  20 

Hempel,  on  condensation  of  zinc  vapour 
and  treatment  of  zinc  fume,  231  el 
seq.  ;  on  condensation  of  zinc  vapour, 
2  n  ;  on  reduction  of  zinc  oxide,  8  n 

Heraeus,  on  spitting  of  platinum,  771  ; 
on  extraction  of  platinum,  784 

Herepath,  on  the  purification  of  bis- 
muth, 471 

Hering,  his  muffles  for  zinc  extraction, 
245*  ;  on  composition  of  antimony 
liquation  residues,  566  ;  his  method 
for  treating  poor  antimony  ores, 
671 ;  liquation  residues,  577 ;  his 
antimony  refining  furnace,  585,  686, 
587*  ;  extraction  of  antimony  in  the 
wet  way,  590 

Hermann,  on  extraction  of  zinc  from  its 
ore,  268 ;  on  production  of  nickel 
from  silicate  ores,  719 

Herault,  his  furnace  for  production  of 
aluminium,  810,  811* 

Herring,  on  neutralisation  of  sulphur 
dioxide,  76 

Herrenschmidt,  his  method  of  treating 
gamierite,  721,  722;  his  process  for 
treatment  of  cobalt  ore,  759 

Hcrreshof  furnace  used  for  smelting 
nickel  ores  at  Sudbury,  655 

Herter,  on  zinc  distillation,  198  ?i;  his 
zinc  refining  apparatus,  228,  229*  ; 
on  extraction  of  nickel  in  the  wet 
way,  731. 


Hess,  on  extraction  of  platinum,  785. 

Herzog  Julius  Works,  Goslar,  produc- 
tion of  zinc  vitriol  at,  313 

Himly,  analysis  of  refined  antimony,  587 

Hinterhuber,  see  Kuschel 

Hintzerling,  on  electrolytic  production  of 
zinc,  272. 

Hirzel,  analysis  of  refined  antimony, 
589 

Hopfner,  on  extraction  of  zinc  by  dry 
and  wet  niethodfl,  249 ;  on  electro- 
lysis of  zinc  solutions,  255 ;  his  elec- 
trolytic bath,  277*,  278 ;  proposals 
for  extraction  of  zinc,  281  ;  on  ex- 
traction of  zinc  from  alkaline  solu- 
tions, 274  ;  patents  for  extraction  of 
nickel,  741 

HoSinan,  analysis  of  crude  platinum  bv, 
775 

Hohenlohe  Works,  Katto^itz,  absorp- 
tion of  sulphur  dioxide  by  lime  at 
the,  71 ;  double  furnace  used  at,  189, 
190*  ;  results  of  distillation  at,  199 ; 
refininff  of  zinc  at,  225,  226*  ;  long 
beddea  calciners  used  at  the,  56 

HoUunder,  zinc  distillation  in  Carinthia, 
126  71 

Holstein  furnace  for  zinc  distillation, 
155 

HopfF  and  Dobereiner,  discoverers  of 
platinum  in  the  sands  of  the  Rhine, 
775 

Horn  mercury  or  calomel,  338 

Horseshoe  (elliptical)  furnace,  65,  67*, 
68* 

Hugo  Zinc  Works,  nozzles  used  at,  180 

Hungarian  reverberatory  furnace,  7('7, 
708* 

Hutchins,  on  melting  point  of  xuercnrv, 
329 

Huttner  and  Scott  furnaces  for  mert-ury 
distillation,  372 

Hybinette  and  Ledoux,  their  process  for 
treatment  of  nickel-copper  matt«, 
690 

Hydrozincite,  14,  20 

I 

Idrialite,  334 

Idriau  furnace,  352-357 

Illinois  Zinc  Co.  Works,   Peru,  furnace 

for  zinc  distillation  used  by,  156 
Ingalls,  on  decomposition  of  zinc  sulphate 

by  heat,   1571,  16  ti;  on  grate-fire<i 

Belgian   furnaces   in   U.S. A  ,    149 ; 

on  Convers  and  De  SauUes^s  furnace, 

159  » 
InnostranzeflP,  the  discoverer  of  platinnn) 

in  Russian  serpentine,  774 
Iron,   its   effect  on   zinc,  4;   its  action 

on  cinnabar,  417 ;  its  efiect  on  tin, 

474  ;  its  alloys  with  tin,  478 
Iron  sulphide,  its  action  on  retorts,  109 


Isabella  Works,  Dillenburg,  roasting 
nickel  ores  in  shaft  furnaces  at,  652  ; 
composition  of  nickel  matte  from, 
659 ;  smelting  of  roasted  nickel  ores, 
661  ;  roasting  of  nickel  matte,  666  ; 
composition  of  coarse  matte,  667 ; 
smelting  of  coarse  matte,  669 ;  re- 
fining m  matt«  at,  673  ;  extraction 
of  nickel  in  wet  way,  725 

Izart,  on  electrolytic  production  of  an- 
timony, 597 


Jaczinsky,  his  furnace  for  extraction  of 
mercury,  422* 

James,  on  reduction  of  blende  in  rever- 
Ijeratory  furnace,  246 

Janda,  on  analysis  of  mercurial  soot, 
424  n,  428 ;  on  composition  of  acid 
water  from  mercury  condensers,  430 ; 
on  analyses  of  mercury  ores,  432  n 

Jensch,  on  the  roasting  of  zinc  blende, 
44  71 ;  analyses  of  broken  retorts, 
11871 ;  on  zinc  content  of  broken 
retorts,  210 ;  composition  of  flue  dust 
from  Upper  Silesia  Zinc  Works,  216  ; 
composition  of  retort  fragments,  217 ; 
composition  of  furnace  calamine, 
217  ;  of  crude  zinc,  220 ;  on  cadmium 
in  Upper  Silesian  zinc,  319,  320,  321 

Johnson,  see  Calvert 

Johnson,  Matthey,  and  Co.,  on  removal  of 
arsenic  and  antimony  from  bismuth, 
469  ;  antimony  extraction  by,  597 

Julius  Zinc  Works,  Ooslar,  treatment  of 
flue  dust  at,  216 

Jungk,  on  separation  of  graphite  from 
nickel,  628 


K 


Kamienski,  treatment  of  nickel  ores,  720 

Karmarsch,  on  tenacity  of  zinc,  2 

Karsten,  on  specific  gravity  of  zinc,  1  ; 
on  influence  of  impurities  upon  zinc, 
3  ;i ;  on  solution  of  iron  by  zinc,  4  ; 
on  the  precipitation  method  for 
antimony  extraction,  579 

Keith,  on  electrolytic  preparation  of  tin, 
545 

Kerl,  on  Exeli's  furnace,  419  ti 

Kermes  mineral,  555 

Kerr,  analysis  of  crude  platinum  by,  775 

Kiliani,  on  electrolysis  of  zinc  solutions, 
253  et  8eq, ;  on  extraction  of  zinc 
from  alkaline  solutions,  273 ;  his 
electrolytic  bath  for  preparation  of 
aluminium,  816,  817* 

Kjellln,  nee  Cassel 

Kleeman,  his  adapter,  173* 


Kleiner- Fiertz,  his  bath  for  electrolysis 
of  aluminium,  819* 

Klieeiscn,  on  cadmium  in  blende  from 
the  Harz,  320 

Knab,  on  material  for  retorts,  134  n  ;  on 
reduction  of  antimony  ores  in  pot 
furnaces,  578 

Knorre  and  Pufahl,  analysis  of  nickel 
by,  750,  751 

Knox  furnace  used  in  mercury  extrac- 
tion, 368 

Knox-Osborne  condensers,  370 

Knut  StyfFe,  on  melting  point  of  nickel, 
627 ;  on  reduction  of  nickel  oxide, 
680 

Kobell,  on  acid  zinc  sulphate,  15  n 

Koehler,  his  furnace  for  calcining  blende, 
94 ;  nee  (iriitzner 

Koepp,  on  electrolytic  preparation  of 
antimony,  595 

KoUmann,  on  tensile  strength  of  nickel, 
626 

Komorek,  on  boiling  point  of  zinc,  2 

Kopp,  on  specific  gravity  of  mercury, 
3-29 

Koemann,  his  treatment  of  waste  gases 
containing  sulphur  dioxide,  74 

Kosmann  and  Lange,  on  extraction  of 
zinc  from  its  sulphite,  273 ;  extrac- 
tion of  cadmium,  326 

Kratzen,  468 

Kngel,  on  electrolysis  of  nickel  salts, 
743 

Kiigelgeu,  on  zinc  extraction,  285  n ;  see 
Daneel 

Kunigund  Works,  distillation  of  flue 
mist  containing  cadmium  at,  324 ; 
composition  of  cadmium  from,  325 

Kiinzel,  on  chlorine  in  zinc,  5 ;  his 
method  of  treating  tin-plate  cut- 
tings, 542;  on  separation  of  nickel 
and  cobalt,  758 ;  on  reduction  of 
nickel  oxide,  680 

Kupfernickel  or  arsenical  nickel,  locali- 
ties for,  638,  639 

Kupflier,  on  the  melting  point  of  tin,  474 

Kuschel  and  Hinterhuber,  their  rever- 
beratory  furnace,  66-69 

Kuss,  on  aludel  furnaces,  348  7f ,  352  n 


Lake  Superior  Nickel  Co.,  process  used 
by,  747 

Lambotte,  his  method  of  treating  tin- 
plate  cuttings,  542 

Lampadius,  on  alloys  of  iron  and  tin, 
478  ;  on  composition  of  hardhead, 
5(^ ;  his  proposal  for  refining  tin, 
533 

Lana  philoaophica,  5 

Landolt  and  Mallet,  on  the  fusion  of 
arsenic,  598 
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Landsberg,  on  graphite -lined  retorts  for 
zinc  distillation,  *245  ;  his  proposal 
for  treatment  of  zinc  blende,  246 

Lange,  /^ee  Kosmann 

Langer,  on  distillation  of  mercury,  352  n  ; 
ftee  Mond  process 

Langer  furnace  used  in  mercury  extrac- 
tion, 365-368 

I^nyon,  his  shield  or  protector,  163 

Lanyon  Zinc  Co.,  furnaces  for  zinc  dis- 
tillation used  by,  162 

Laroche,  his  method  for  treating  gar- 
nierite,  719 

Laroque,  his  process  for  treatment  of  tin 
cuttings,  539 

Larranaga,  introduced  Idrian  furnace  into 
Almaden,  325 

Lassaigne,  on  alloys  of  iron  and  tin,  478 

Lazy  Zinc  Works,  Beuthen,  nozzle  used 
at,  181  ;  refined  zinc,  analysis,  228 

Lea^l,  its  effect  upon  zinc,  3  ;  absorption 
by  zinc,  223 
oxide,   its   behaviour  in  zinc  distilla- 
tion process,  109 
sulphate,  its  reduction  in  zinc  distilla- 
tion process,  110 

Le  Chatelier,  on  melting  point  of 
aluminium,  790 

Ledebur,  on  melting  point  of  bismuth, 
444;  on  composition  of  Britannia 
metal,  557 ;  on  absorption  of  oxide 
of  nickel  by  nickel,  628 

Ledoux,  see  Hybinette 

Lehigh  Zinc  Works,  Bethlehem,  zinc  ex- 
traction at,  167 

Leichsenring,  his  proposal  for  refining 
tin,  533 

Leithner,  designer  of  Idrian  furnace, 
352 

Leopoldi  furnace,  352,  353* 

Letrange,  on  electrolytic  extraction  of 
zinc,  252,  266  n 

Lcvat,  on  treatment  of  nickel  matte, 
671  w,  679,  692 

Le  Verrier,  on  separation  of  nickel  and 
iron,  743 

L'hote,  on  removal  of  antimony  and 
arsenic  for  zinc,  226  n 

Lichtenberg's  metal,  317 

Lichtenberg's  allov,  composition  of,  448 

Licbig,  on  muffle  furnaces  for  blende  cal- 
cination, 80 ;  wc  lirillo 

Liebig  and  Eichhorn,  their  muffle  calcin- 
ing furnace,  81*,  82* 

Lill,  analysis  of  crude  tin  from  Slaggen- 
wald,  500  ;  of  slags,  507 

Lime,  its  action  on  cinnabar,  417 

Linnteite,  755 

Lindemann,  on  electrolysis  of  zinc  sul- 
phate solution,  263,  269 

Lipowitz,  on  alloys  of  tin,  317  n 

Lipowitz's  alloy,  composition  of,  448 

Liquation  metliod  for  extraction  of  bis- 
muth, 452-454 


Liquation  of  tin,  525  ;  of  antimony,  564 
Liver  more,  his  furnace  for  mercury  ex- 
traction, 386,  387*,  388 
Loeb,  on  multiple-hearth  furnaces  used 

at  La  Salle,  58  n 
Loiseau,  on  producer  g^s  used  in  zinc 

distillation  furnaces,  151 
LoUingite  or  leucopyrite,  localities  for, 

603  ;  behaviour  on  roasting,  608 
Lopez    Saavedra     Barba,     designer     of 

Bustamente  furnace,  348 
Lorenz,  on   electrolysis  of  molten    zinc 

chloride,    286 ;      modified    Silesian 

furnace  by,  191 
Losonez   Works,   Hungary,  roasting  of 

nickel  ores  at,  703 
Lost  Ledge  Mine,  retort  furnaces  used 

at,  416 
Louis,  on  smelting  of  tin  in  the  Malay 

Peninsula,  496  u  ;  on   formation  of 

potassium  cyanide  in  tin  reduction, 

500  ;  Cornish  furnaces  for  tin  smelt- 
ing, 510  n 
Liwe,  on  composition  of  refined  tin,  533 
Luckow,    on   electrolytic  extraction   of 

zinc,  251  ;  on  extraction  of  zinc  from 

its  ores,  266 
Liidwig,  influence  of  oxides    on   colour 

of  smalt,  766 ;   analyses  of  smalt  by, 

769 
Lungurtz,  nee  Schiipphaus 
Lungwitz,  on  production  of  zinc  under 

pressure,  235 
Lundborg,  on  treatment  of  cobalt  ores, 

758  » 
Lynen,  on  condensation  of  zinc  vapour, 

2  n ;    costs  of    distillation    of   zinc 

ore,   132  ;  his  condensing  chamber, 

241  w,  242* 


M 


Macfarlane,     suggested     treatment     of 

nickel  ores,  718 
Magnalium,  794  u 
Magnesium,  its  use  in  nickel   refining, 

750 
Mahler,  on  blende  calcinating  furnaces 

at  Oberhausen,  79 
Mallet,  on  melting  point  of  mercury,  329 ; 

see  Landolt 
Manganese  used  to  purify  nickel,  751, 

752 
dioxide,   its   behaviour    on   reduction 

of  zinc  charges,  109 
Manhes,   on  removal    of   sulphur    from 

nickel,  752 
Margot,   on    alloys  of    alnminiuui    and 

nickel,  795 
Marmatite,  18 
Marsh,  on  extraction  of  zinc  by  dry  and 

wet  methods,  249 


Massartf  on  furnace  at  Prayon,  147  n  ; 
products  of  zinc  distillation  at 
Engis,  214  n 

Matthey,  on  extraction  of  gold  from 
bismuth-gold  alloys,  449  n ;  on 
purification  of  platinum,  784 

Matthiessen,  on  specific  gravity  of  zinc, 
1  ;  on  electrical  conductivity  of  zinc, 
2 ;  on  electrical  conductivity  of 
mercury,  329 ;  on  electrical  con- 
ductivity of  bismuth,  444 ;  on  elec- 
trical conductivity  of  tin,  474  ;  on 
electrical  conductivity  of  antimony, 
552 

Matthiesen-Hegeler  Zinc  Works,  La 
Salle,  furnaces  for  zinc  distillation 
at,  151,  152*,  168 

Maudling  Works,  Austria,  treatment  of 
nickel  speiss,  710,  711 

McKillop  and  Ellis,  on  tin  smelting  at 
Pulo  Brani,  514  7i 

M^hu,  on  removal  of  arsenic  from  bis- 
muth, 468 

Meissonier,  discoverer  of  nickel-magne- 
sium silicate,  640 

Melsens,  on  transparency  of  mercury, 
329 

Mennicke,  on  electrolytic  production  of 
tin,  547w. 

Mentzel,  on  influence  of  cadmium  upon 
zinc,  3 

Mercury  or  quicksilver,  action  of  acids 
upon,  330 
physical  properties,  329  ;  properties  of 
compounds,  330  333 ;  ores,  333-338 
extraction  in  dry  way,  339-439  ;  from 

ores,  339 
treatment  of  soot,  423-431  ;  from  falil- 
orea,  436,   437 ;    from  metallurgical 
products,  438,  439 
extraction  in  the  wet  way,  439 
electrolytic  extraction,  440,  441 
manufacture    of    artificial     cinnabar, 

441-443 
oxide,  330;  chlorides,  331;   sulphide, 
331,  332  ;  amalgams,  333 

Merget,  on  volatility'  of  mercury,  329 

Metal,  or  rich  mercurial  ore,  analysis  of, 
350 

>letastannic  acid,  476 

Middleton,  on  preparation  of  zinc  white, 
307 

Midland  Smelting  Co.,  Sadtler's  process 
used  by,  294 

Mielchen,  his  nozzle,  180,  181* 

Miest,  see  Bias 

Millerite  or  hair  pyrites,  localities  for, '639 

Milton,  on  volatility  of  mercury',  329 

Mineral  Point  Zinc  Co. ,  folding  furnace 
used  by,  91 

Minet,  his  apparatus  fpr  extraction  of 
aluminium,  816,  817*  ;  his  procosH 
for  extraction  of  alunn'nium  from  its 
chloride,  832 


Mispickel,  localities  for,  602,  603 ; 
behaviour  on  roasting,  608 

Missouri  Zinc  Co.,  St.  Louis,  zinc  ex- 
traction at,  168 

Missouri  Mine,  retort  furnaces  useii  at, 
416 

Mittash,  on  formation  of  nickel  carbonj'l, 
636 

Mitter,  his  stoneware  condensers  for 
mercury,  413 ;  on  extraction  of 
mercury  in  Idria,  results  of,  435 

Mohr,  on  extraction  of  zinc,  281 

Moissan,  on  formation  of  aluminium 
carbide,  794 

Mond,  on  boiling  point  of  nickel  carbony  1, 
636 

Mond  process  for  preparation  of  nickel, 
684-690 

Mond  Co.,  smelting  nickel  ore  at  works 
of,  65.-),  663 

Mond  and  Nasini,  on  decomposition  of 
nickel  carbonyl,  636 

Monkton,  his  suggestion  for  prepara- 
tion of  aluminium  from  alumina, 
806 

Moor,  441 

M(X)re,  on  composition  of  garnierite, 
640 

Morriston  Works,  Swansea,  zinc  dis- 
tillation at  the,  143,  145 

Mosaic  gohl,  477 

Moulin  and  Dolt',  on  recovery  of  tin 
from  cuttings,  541 

Mourlot.  on  action  of  heat  upon  stannous 
sulphide,  477  ;  on  decomi)ositi(m  of 
nickel  sulphide  thennoelectrically, 
631  ;  on  action  of  heat  upon  alu- 
minium sulphide,  793  n 

Mrazok,  his  proposal  for  extraction  of 
bismuth,  463 

MuHle  furnaces  for  calcining  blende,  76, 
77*,  80;    for    zinc    distillation,   169 

Muir,  on  extraction  of  tin  from  tin- 
plate  cuttings,  540 

Munsterbusch  Works,  analyses  of  retort 
gases  from  tlie,  108  ;  manufacture  of 
muttU'sat,  138  ;  zinc  extraction  at, 
208 

Mylius  an<l  Fromm,  on  electrolysis  of 
zinc  solutions,  255  (f.  scq.  ;  on  ex- 
traction of  cadmium,  328 

Mylius  and  Rose,  on  action  of  water  on 
aluminium,  791  n 


N 


Nagel,   on  the  use  of  water  gas  in  zinc 

production,  239 
Nahnsen.  on  electrolysis  of  zinc  solutions, 

254  (f  ttfj. 
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Nasini,  see  Mond 

Natural  gas,  furnaces  fired  by,  159 
et  seq. 

Nathan,  see  Spirek 

Native  arsenic,  localities  for,  602 ;  native 
amalgam,  334 

Neeb,  on  tin  smelting  at  Banca,  505 

Nctto,  his  process  for  extraction  of 
aluminium,  804 

Ncunuihl-Hambom  Zinc  Works,  Ober- 
hausen,  zinc  extraction  at,  207 

Neumann,  criticism  of  Kiigelgen's  pro- 
cess, 285 

Neureuther,  his  furnace,  156*,  157 

Neuendorf,  his  method  of  treating 
Broken  Hill  ores,  294 

Neville,  see  Haycock 

Newcomb,  furnace  erected  by,  at  Oat- 
hill,  380,  381*,  382*,  383* 

New  Jersey  Zinc  Co.,  production  of  zinc 
white  bv,  306 

Newton's  alloy,  composition  of,  448 

Newton's  metal,  317 

Nickel,  physical  properties,  626-628  ; 
properties  of  compounds,  629-637  ; 
alloys,  637  ;  ores,  638-641 
extraction  in  dry  way,  643-716  ;  from 
sulphur  compounds,  643-681 ;  refin- 
ing of  the  matte,  671-679  ;  formation 
of  crude  nickel,  679 ;  reduction  of 
nickel  oxide  to  nickel,  679-681  ; 
treatment  of  nickel-copper  matte, 
681  ;  the  Orford  process,  682-684  ; 
the  Mond  process,  684-690;  the 
production  of  copper-nickel  alloys 
from  matte,  691,  695  ;  extraction  of 
nickel  from  gamierite,  695-699 ; 
from  arsenical  ores,  699-714  ;  from 
metallurgical  products,  714-716 
extraction  in  the  wet  way,  716-731  ; 
from  ores,  717-723 ;  from  smelting 
products,  723-729  ;  from  speiss,  729, 
730  ;  from  slags,  730,  731 
electrolytic  extraction  of  nickel,  731- 

748 
refining  of  coarse  nickel,  748-752 
oxides,  629,  630;   sulphide,  630-633; 
arsenides,  633-635 ;   sulphate,  635  ; 
chloride,   636 ;    silicate,    636 ;    car- 
bonyl,  636 
speiss,  633-635 

Niederlander,  on  cadmium  sulphide, 
318 

Ncillner  and  Plattner,  on  alloys  of  tin 
and  iron,  478 

Nolte  and  Beringhofen,  on  Belgo-Silesian 
furnaces,  2C^  n 

Nouvelle  Montague  Works,  Engis, 
Belgium,  products  of  zinc  distillation 
at,  214 

Novak  furnace  for  mercury  extraction, 
410,411* 

Novarese,  on  occurrence  of  mercury  ores, 
335  n 


Nozzles  used  in  zinc  distillation  {»ee 
under  Kecha,  BugdoU,  Palm,  Hawe], 
Mielchen,  and  Steger) 


O 


Oehme,  his  method  for  obtaining  anti- 
mony oxide,  571 

Oerstedt,  his  method  of  making  alumin- 
ium chloride,  793 

Onofrite,  338 

Orford  Nickel  Works,  refining  crucibles 
used  at,  750 

Orford  process  for  conversion  of  nickel- 
copper  matte  into  crude  nickel,  681- 
684 

Orpiment,  localities  for,  603 ;  production 
of,  622 

Osen,  on  analysis  of  mercurial  soot, 
424 

Oudemans,  on  alloy  of  zinc  and  iron, 
4 ;  on  alloys  of  tin  and  iron,  478 

Oxlaud,  his  process  for  removing  tungsten 
from  tin,  490* 

Oxland  furnace  used  in  preparation  of 
whit-e  arsenic,  611 


Palm,  nozzle  of,  179*,  180 

Pamell,  on  extraction  of  zinc  by  dry  and 
wet  methods,  248  n 

Passaic  Zinc  Works,  Jersey  City,  furnaces 
used  at,^  167 ;  production  of  zinc 
white  at,' 303 

Passivity,  shomi  by  nickel,  629 

Patera,  on  formation  of  mercurial  soot, 
341 ;  on  analysis  of  mercury  blac^k, 
424 ;  on  separation  of  nickel  and 
cobalt,  758 

Pattinson  process  applied  to  bismuth- 
lead  alloys,  449,  461 

Paul  Works,  calamine  burnt  at,  36,  37  ; 
zinc  distillation  at,  171  ;  anaU'sis 
of  zinc  from,  219,  220 ;  of  zinc 
fume  from,  222;  of  lefined  zinc 
from,  228;  fine  dust  containing 
cadmium  from,  324 

Pauschheerd  for  liquation  of  tin,  525 

Pearce's  furnace,  60,  61*,  62*,  63 

Peetz,  on  purification  of  tin,  533 

Percy,  on  solution  of  iron  by  zinc,  4  m  ; 
on  silicates  of  zinc,  9,  10.  n ;  on 
sulphide  of  zinc,  11,  12;  distillation 
retorts  for  zinc,  124  n,  126  n 

Per  degcenmim,  method  for  distillation 
of  zinc,  125* 

Person,  on  malting  point  of  zinc,  2; 
on  melting  point  of  bismuth,  444  ; 
on  melting  point  of  tin,  474 


Pcrtsch,  on  electrolysis  of  zinc  solutions, 

262 
Pewter,  557 

Pictet,  on  melting  point  of  antimony,  551 
Pimelite,  localities  for,  640 
Phillips,  on  the    Pattinson   process  for 

bismuth-lead  alloys,  470 
Phosphorus  used  in  purifying  nickel,  752 
IMcard    and    Sulman,   on    treatment  of 

Broken    Hill    ores,    295,    296;    on 

charges  for  zinc  extraction,  207 
Pflager,  on  purification  of  zinc  solutions 

for  electrolysis,  262 
Platinum,     physical     properties,     771  ; 

properties  of  compounds,  772,  773  ; 

ores,  773,  776 
extraction  in  dry  way,  779-782 
extraction  in  wet  way,  782-787 
electrolytic     method    of     extraction, 

787-788 
chlorides,      772 ;       sulphides,       772 ; 

silicides,  773 
Plattuer,   his   furnace    for    liquation   of 

bismuth,    452* ;    analysis  of   hard- 
head   by,     502 ;     his    process     for 

treatment  of   lead  ores   containing 

tin,  536  ;  see  NoUner 
Poison   towers  used  in  preparing  white 

arsenic,  613*,  614* 
Poll,  introducer  of  Bustamente  furnaces 

into  Idria,  348 
Polysulphates,  their  use  in  treatment  of 

Bi-oken  Hill  ores,  294 
Pontifex  and  Wood,  antimony  extraction 

by,  579 
Poussiere  or  zinc  fume,  178 
Powder  of  Algaroth,  555 
Pi-esses  for  mercurial  soot,  .426,  427 
Pryce,  on  the  metallurgy  of  tin,  493  n 
Protecteurn  in  zinc  ipanufacture,  143 
Prost,   on   reaction  between    lime    and 

zinc    blende,    13   « ;    on     reaction 

between  oxides  of  zinc  and  iron  on 

heating,  44  n 
Przibramite,  18 
Pufahl,  nee  Knorre 
Putty  powder,  475 
Pyrites,   its  behaviour    on    calcination, 

45 
Pyrostilbite,  occurrences  of,  558 


Quartz,  its  effect  on  the  calcination  of 
blende,  46 

Quesneville,  on  removal  of  arsenic  from 
bismuth,  468 

Quintaine,  on  electrolysis  of  tin  solu- 
tions, 545 


Randall,   on   output   of    mercury    from 
California,  337  n 


Rammelsberg,  on  specific  gravity  of 
zinc,  1  ;  on  specific  gravity  of  tin, 
474;  on  specific  gravity  of  cobalt, 
753 

Rando  and  Co. ,  recovery  of  arsenic  from 
aniline  liquors,  624 

Raymond,  on  electrolysis  of  tin  solu- 
tions, 545 

Realgar,  localities  for,  603 

Redington  Mine,  Knox  furnace  erected 
at,  368  ;  construction  of,  369 ;  ex- 
traction of  mercury  at,  371 

Recha,  his  nozzle,  179* 

Recke  Works,  pyrites  burners  used  at 
the,  51  ;  long-bedded  calciners  used 
at,  57 ;  mume  furnaces  for  calcin- 
ing blende  at  the,  79,  86,  87 

Regenerators,  gas  furnaces  with,  191-195 

Regnault,  on  specific  heat  of  zinc,  2 ;  on 
specific  gravity  of  mercury,  329 ; 
on  specific  heat  of  bismuth,  444  ; 
on  specific  heat  of  tin,  474;  on 
specific  heat  of  antimony,  552 ;  on 
specific  heat  of  cobalt,  753 

Reich,  on  neutralisation  of  sulphur 
dioxide,  76 

Reineck'en-Ponsgen  and  Kopp,  on 
treatment  of  tin  cuttings,  541 

Requiebro,  mercurial  ore,  analysis  of, 
350 

Retort  furnaces  for  mercury  extraction, 
415,  416 

Retorts  for  distillation  of  zinc,  114  et  seq. 

Reverberatory  furnaces,  for  burning 
calamine,  33-42;  for  calcination  of 
blende,  52-69 ;  for  mercury  ex- 
traction, 399-407  ;  for  reduction  of 
tin  ore,  508-522;  for  liquation  of 
antimony,  565 ;  for  roasting  and 
reducing  antimony  ores,  569-576 

Rewdanskite,  localities  for,  640 

Rhenania  Works,  results  of  desulphur- 
isation  at  the,  88  ;  furnaces  used  at, 
91 

Richards,  on  removal  of  antimony 
and  arsenic  from  zinc,  226  ii ;  on 
conductivity  of  aluminium,  790  n  ; 
his  apparatus  for  the  extraction  of 
aluminium,  815* 

Richardson,  his  method  for  extraction  of 
nickel,  718 

Richter  and  Lorenz,  on  rotating  muffle 
furnace  for  zinc  extraction,  243  . 

Rickets,  on  separation  of  nickel  and 
copper  electrclytically,  742 

Hicketts,  his  method  for  extraction  of 
nickel,  718 

Riemsdijk,  on  melting  point  of  bismuth, 
444 

Ringerikes  Works,  smelting  of  roasted 
nickel  ores,  662 ;  composition  of 
matte,  668 ;  refining  of  matte,  674, 
675 ;  reduction  of  nickel -copper 
matte,  693 
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Rinmann's  green,  preparation  of,  770 
Rissman,  analysis  of  retort  slag,  212 
Roasting  funiaces  for  tin  ores,  484-490 
Roberta,  on  specific  gravity  of  bismuth, 

444 
Roberts- Aasten,    on   melting    point    of 

zinc,  2  ;  on  boiling  point  of  zinc,  2 
Roche,    on    alloys    of    aluminium    and 

antimony,  794  n 
Rod  well,    on     sulphate     of     lead     and 

carbon  in  zinc,  5 
Roessler,  his  method  for  utilising  waste 

gases  from  blende  calcination,  106*, 

107  ;  on  platinum -silver  alloy,  772  n 
Roessler  and  Kdelmann,  on  solution  of 

lead  by  zinc,  3 ;  on  solution  of  lead 

in  zinc,  223 
Rohglas,   or   red  arsenic  glass,  produc- 
tion of,  621  ;  refining  of,  622 
Romanoff  and   Spring,   on    solution    of 

lead  by  zinc,  3 
Rontschewsky,  on  extraction  of  zinc,  275 
Rosamund  Zinc  Works,   Upper  »Sile8ia, 

composition  of  crude  zinc  from,  220 
Roscoe  and  Schorlemmer,  on  fonnation 

of  zinc  carbonate,  14 
Rose,  on  crystal-form  of  aluminium,  789 
Rose's  alloy,  composition  of,  448 
Rose's  metal,  317 
Rosenlecher,  on  occurrence  of  mercury, 

335  71 
Rosing,  on  treatment  of  zinc  scum,  282 
Ross   and   Welter,   their  reverberatory 

furnace  for  calcining  blende,  59* 
Rothberg,    on    extraction    of     alumina 

from  clay,  827 
Rousseau,  treatment  of  nickel  ores,  720 
Roux  and  Desmazures,  proposal  for  treat- 
ment of  zinc  blende,  240 
Rudberg,  on  melting  point  of  tin,  317, 

474 ;  on  melting  point  of  bismuth, 

444 
Ruolz  and  Fontenay,  on  use  of  phosphorus 

as  a  nickel  purifier,  752 


Sack,  his  process  for  treating  cobalt  ores, 

763 
Sadtler,  on  treatment  of  Broken  Hill  ores, 

293 
Saegcr,  on  protection   against  zinc  va- 
pours, 178  » 
Safflor  or  zaffre,  769 
Salgu^s,  on  production  of  zinc  in  electric 

furnace,  247  ;  on  preparation  of  zinc 

white,  307 
Salindres   Aluminium   Works,  Deville's 

process  used  at  the,  800 
Sander,  on  the  roasting  of  zinc  blende, 

46  n  ;  of  argentite,  47 
Sanderson,  his  method  for  precipitaticjn 

of  antimony,  582 


Schaffner,  his  method  for  melting  sul- 
phur, 105 

Scherbening,  on  zinc  distillation  at 
Lipine,  199  w 

Schertel,  on  melting  point  of  nickel, 
627 

Scheurer-Kestner,  his  method  of  treating 
tin-plate  cuttings,  542 

Schindler,  his  bath  for  electrolysis  of 
aluminium  compounds,  816,  817* 

Schlapp,  on  decomposition  of  zinc  sul- 
phate by  heat,  43 

Schlippe's  salt,  556 

Schmeider,  his  furnace  for  production  of 
zin6,  238* 

Schnabel,  on  calcination  of  Broken  Hill 
ores,  43  ;  on  neutralisation  of  sul- 
phur dioxide,  76 ;  on  solution  of  zinc 
oxide  by  carbonates,  249  n ;  on 
speias,  6U2  n 

Schneider,  furnace  for  zinc  distillation, 
155  ;  on  the  purification  of  bismuth, 
471  ;  composition  of  puritied  bis- 
muth, 471 

Schnellloth,  318 

Schnitzer,  analysis  of  wochenite  by,  797 

Schoneis,  on  treatment  of  cobalt  ores, 
763  n 

Schr(>der  and  Hanisch,  their  process  for 
preparation  of  liquid  sulphur  di- 
oxide, 99  ;  process  for  preparing  sul- 
phur from  sulphur  dioxide,  K^'), 
106 

Schulte,  on  mixing  of  zinc  charges,  163 : 
on  charges  for  zinc  extraction,  '^'T  ; 
on  distillation  of  zinc  ores,  296 

Schultze,  on  silicates  of  zinc,  10 «;  on 
electrolysis  of  zinc  chloride,  286; 
his  proposal  for  extiucting  tin  from 
cuttings,  541 

Schiipphaus  and  Lunguriz,  on  reduction 
of  zinc  oxide,  8  n 

Schiittofen,  see  Czermak  furnace 

Schwarz,  on  reaction  between  zinc  dust 
and  lime,  222 

Schweder,  on  iron  sulphide  fonneil  in 
reduction  of  antimony  sulphide,  579  : 
on  reaction  between  copper  oxi<lc 
and  nickel  sulphide,  632;  on  com- 
position of  nickel  niatt«,  658;  on 
monosulphides  in  matte,  660 

Scopello  Works,  Piedmont,  roasting  of 
nickel  matte,  666  ;  wet  method  of 
treating  matte  at,  725 

Sebillot,  treatment  of  nifikel  ores,  72iJ 

Senarmonite,  localities  for,  558 

Sesia  Works,  roasting  nickel  ores  in  stalk 
at,  652 ;  smelting  of  roasted  nickel 
ores  at,  663 ;  roasting  of  nickel 
nuxtte,  666,  669  ;  treatment  of  cobalt 
matte  at,  759 

Shaft  furnaces,  for  burning  calamine,  27- 
33  ;  for  calcination  of  blende,  ^9-52: 
U80<1  for  mercury  extraction, 347,407 
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414  ;  for  reduction  of  tin  ore,  493- 
606 ;  for  antimony  reduction,  576- 
578  ;  for  roasting  nickel  ores,  652 

Shears,  on  recovery  of  tin  from  slags, 
544 

Shields  used  in  extraction  of  zinc,  162, 
163 

**  Shortness  "  of  tin,  474 

Sicherloth,  317 

Siderite,  its  behavour  on  roasting,  46 

Siemens,  on  electrolytic  preparation  of 
mercury,  440 

Siemens  and  Halske,  on  electrothermal 
production  of  zinc,  246  ;  on  extrac- 
tion of  zinc  electrolytically,  269 ; 
on  production  of  zinc  from  its  ores, 
280  ;  on  electrolytic  process  for  pro- 
duction of  antimcmy,  595  ;  on  elec- 
trolytic extraction  of  arsenic,  607 

Siemens  Belgian  furnace,  155* 

Sieveking,  his  proposal  for  treating 
mercurial  products,  439 

Silesian  furnaces  for  zinc  distillation,  120, 
121,  122*  ;  old  forms,  182-184  ;  new 
forms,  184-188 

Silesian  process  for  zinc  distillation,  170 

Silesia  Works,  manufacture  of  liquid 
sulphur  dioxide  at  the,  99 ;  results 
of  zinc  distillation  at,  199 ;  com- 
position of  flue  dust  from,  327 

Silicon,  its  presence  an  zinc,  5 

Simonin,  on  reduction  of  antimony,  573  ti 

Singles,  an  antimony-iron  alloy,  580 

Slags  from  nickel  works,  composition 
of,  660 

Smalt,  its  preparation,  765-769 

Smaltine  or  speiss-cobalt,  754 

Smith,  on  gold  and  silver  contained  in 
bismuth,  467 ;  on  electrolysis  of  tin 
solutions,  545 

Smithsonite,  14 

Soot  (mercurial),  338 ;  composition  of, 
423-426  ;  treatment  of,  426-430 

Sophia  Zinc  Works,  Goslar,  treatment 
of  flue  dust  at,  216 

Sophia  Works,  Langelsheim,  production 
of  zinc  vitriol  at,  313 

Spelter,  226 

Speiss,  602 ;  prmluction  and  treatment 
of  nickel  speiss,  701-714 

Sperrylit,  773  ;  localities  for,  775,  776 

Sphalerite  or  zinc  blende,  18,  19 

Spirek,  on  Hauzer's  furnace,  149n;  on 
occurrence  of  cinnabar,  335  n  ;  on  the 
Czermak  furnace,  390  n,  393,  397 

Spirek  and  Nathan,  their  furnace  for 
mercury  extraction,  416 

Spinel,  its  formation  in  retorts,  10 

Spiegeleisen  produced  in  the  zinc  white 
process,  306 

Spitzer,  see  Vortmann 

Spring,  »ee  Romanoff 

Squire  and  Currie,  on  zinc  extraction 
from  alkaline  solution,  275 
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Stahl,  on  extraction  of  zinc  by  dry  and 
wet  methods,  250  u  ;  his  pr<  'Cess  for 
treatment  of  cobalt  ores,  761  ;  on 
extraction  of  nickel  from  coarse 
copper,  740 

Stahlschuiidt,  on  volatility  of  zinc  oxide, 
7,8 

Stall  roasting  of  nickel  matte,  665 

Star  bowls,  581 

Stefan  Works,  treatment  of  fahlure  at, 
436 

Steger,  on  muflles  made  of  magnesia, 
115  ;  analyses  of  clays,  1 15, 116  ;  his 
nozzle,  181*;  composition  of  crude 
zinc,  219 ;  of  fume  from  Dagner's 
adapters,  222  ;  on  magnesia  muflles, 
243 

Steinhard,  on  dehydration  of  zino 
chloride,  2S6 

Stelzner,  on  silicates  of  zinc,  10  n 

Stempelmann,  his  method  of  protecting 
workmen  from  zinc  vapours,  177*, 
178* 

Sterling  Hill  Mine,  composition  of  zinc 
ores  from,  297 

Stibnite,  on  the  roasting  of,  46  ;  localities 
for,  557,  558 

Stirling  braarl  of  spelter,  304 

Stolzell,  on  specific  gravity  of  zinc,  1  n ; 
on  Thum's  furnace,  154  n  ;  on  alloys 
of  iron  and  tin,  478 

Stopp,  his  method  lor  recovering  arsenic 
irom  aniline  liquors,  624 

Storer,  his  method  of  treating  garnierite, 
722 ;  see  Eliot 

Strecker,  on  zinc  extraction  in  U.S.A., 
167  n,  169  n  :  on  plant  use<l  at  Lehigh 
Zinc  Works,  300 /i 

Sheuhlau,  768 

Stupp   mercurial  soot),  338,  341 

Stiippfttt  (soot-fat),  430 

Sulman,  nee  Picard 

Sulphur,  its  presence  in  zinc,  4 ;  its 
action  on  zinc  oxide,  9  ;  its  prepara- 
tion from  furnace  gases  from  bleude 
calcination,  104,  105  ;  its  action  on 
platinum,  772 
dioxide,  methods  of  rendering  it 
harmless,  69-76  ;  its  vapour  pressure 
at  different  temperatures,  103 

Sulphuretted  hydrogen,  preparation  from 
sulphur  dioxide,  104 

Sunderland  Mine,  Livennore  furnace  used 
at,  388 

Svanberg,  analysis  of  crude  platinum  by, 
775 

Swinburne  and  Ashcroft,  their  piocess 
for  zinc  extraction,  288-290 


Tambourin  and    Lemaire,    recovery    of 
arsenic  from  aniline  liquors,  624 
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Tainm,  on  removal  of  arsenic  and  copper 

from  bismuth,  469 
Tartar  emetic,  556 
Taylor,  on  sulphur  in  zinc,  4 
Taylor  Mine,   composition  of  zinc    ores 

from,  297 
Temescal  Mines,  tin  smelting  at  the,  522 
Tetradymite,  450 

Teuber,  on  analysis  of  mercurial  soot,  424 
Thallium  found  in  cadmium,  325 
Theophrastus,  cinnabar  deposits  known 

to,  335 
Theuard's   blue  or    cobalt  ultramarine, 

S reparation  of,  770 
lier,  see  Gamier 

Thomson  and  Bartlett,  inventors  of 
Orford  process,  682 

Thum,  on  boiling  point  of  zinc,  2 ;  on 
the  action  of  alkaline  sulphides  upon 
zinc,  47  n  ;  on  heap,  burning  of  cala- 
mine, 27  n ;  reverberatory  furnaces 
constructed  by,  58  ;  on  the  action  of 
barium  sulphate  upon  zinc,  110  ?i  ; 
his  furnace  for  zinc  distillation, 
154* 

Thiirach,  on  removal  of  arsenic  from 
bismuth,  468 

Tiemann,  nee  Bischoff 

Tierras  furnace  for  mercury  extraction, 
384 

Tin,  its  influence  upon  zinc,  4 

Tin,    physical     properties,      473,    474 ; 
properties  of  compounds,  475,  476  ; 
alloys,  477  ;  ores,  478 
extratjtion  in  the  dry  wa3%  480-540  ; 
from    tinstone,  480-502  ;  reduction 
of  the  ore,  492-502  ;  extraction  from 
dross,    506-508 ;    reduction   of    tin- 
stone    in     reverberatory    furnaces, 
508-522 ;    treatment  of  dross  in  re- 
verberalory  furnaces,  522-525 
refining    of    tin,    525-535 ;   liqiiation, 
525-528 ;    refining   by   the    English 
process,    528  -533 ;    purification    by 
filtration,  533-535 
extraction  from  by-products,  535-540 
extraction  in  the  wet  way,  540-543  ; 

from  tin-plate  cuttings,  540-542  " 
electrolytic      production,       543-549 ; 
refining    by    electrolytic     methods, 
549-553 
oxides,  475,  476  ;  chlorides,  476  ;  oxy- 
salts,  477  ;  sulphides,  477 

Tissier,  on  alloys  of  aluminium  and  gold, 
795 

Tossing,  in  tin  refining,  530 

Troost,  j^ee  Deville 

Troostite,  occurrence  of,  20 

Tubes  for  zinc  distillation,  133  et  seq. 

Tungsten,  its  removal  from  tin  ores, 
490,  492 

Type  metal,  557 

Twyman,  on  treatment  of  mixed  sul- 
phides of  zinc  and  lead,  295 


Vaoisco,  small  mercurial  ore,  analysis  of, 
350 

Valalta,  his  furnace  for  mercury  extrac- 
tion, 409* 

Valentin -Cocq,  Silesiau  furnace  of,  185, 
186,  187* 

Valentinite,  localities  for,  558 

Van  Aubels,  on  alloys  of  aluminium  and 
antimony,  795 

Vapart,  disintegrator  of,  for  preparation 
of  retorts,  134 

Vermilion,  its  preparation,  441-443 

Victoria  Works,  Silesia,  reduction  of 
nickel -copper  matte,  694 ;  wet 
method  of  nickel  extraction.  728 

Vieille  Montague  Co. ,  reverberatory  for 
burning  calamine  used  by,  35,  36 

Vieille  Montagne  Works,  Flone,  results  of 
calcining  blende  at  the,  57  ;  zinc  ex- 
traction by,  165  ;  method  of  heating 
furnaces  at  zinc  works  of,  185 

Vlaenderon,  his  furnace  for  tin  smelting, 
498,  499* 

Voille,  on  boiling  point  of  zinc,  2;  on 
melting  point  of  platinum,  771 

Vogel,  on  dehydration  of  zinc  chloride, 
286 ;  on  electrolytic  production  of 
antimony,  597 

Volatility  of  mercury,  influence  of  metals 
upon,  330 

Voltzite,  20 

Von  Ehrenwerth,  on  reduction  of  nickel 
oxide,  683 

Von  Patera,  his  furnace  for  mercury  ex- 
traction, 416* 

Vortmann,  on  separation  of  nickel  and 
cobalt,  764 

Vortmann  and  Spitzer,  their  method  for 
electrolytic  extraction  of  tin,  543 
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Wad  or  earthy  cobalt,  755 

Wagner,  on  melting  point  of  tin,  317  ;  on 
composition  of  Sileaian  cadmium, 
325 ;  on  refining  of  nickel  matte, 
675 ;  on  the  wet  extraction  of  mer- 
cury, 439 

Wallin,  see  E<lelmanu 

Washing  machine  for  platinum  sands, 
777*.  778*,  779* 

Watt,  on  temperature  of  volatilisflktion  o' 
arseniouB  oxide,  600 

Webster,  on  preparation  of  alumina  from 
alum,  802 

Wedding,  on  refining  of  nickel,  752  * 

Weiller,  on  electric  conductivity  of 
zinc,  2 

Wernicke,  on  preparation  of  mufiles, 
170 


in  acids,  6  n 

Wertheim,  on  tenacity  of  zinc,  2 

VVelherill  grates  used  in  U.S.A.,  131 

Welherill,  his  method  for  production  of 
zinc  white,  297  ;  his  furnace,  299* 

Weyland,  ste  Brandenburg 

Wiedemann  and  Franz,  on  conductivity 
of  zinc,  2 ;  on  thermal  conductivity 
of  tin,  474 

VViggin  and  Co.'s  Nickel  Works,  manga- 
nese used  as  purifier  at,  751 

Wilhelmina  Zinc  Works,  Schoppinitz, 
composition  of  zinc  fume  from,  176  ; 
charge  for  zinc  distillation  at,  196 ; 
distillation  of  flue  dust  containing 
cadmium  at,  324 

Willemite,  14,  20 

Winkler,  on  iron  as  absorbent  for  sulphur 
dioxide,  76 ;  manufacture  of  sul- 
phuric anhydride  by,  97  ;  his  process 
for  recovery  of  arsenic  from  dye- 
works  liquors,  624 

Winterler,  on  composition  of  carbon 
electrodes  for  aluminium  extrac- 
tions, 813 ;  on  Bayer's  process, 
822 

W^ittichenite,  450 

Wochenite,  analyses  of,  797 

Wohler,  on  preparation  of  aluminium, 
799 

Wohlwill,  on  electrolytic  separation  of 
nickel  and  copper,  735  ;  on  electro- 
lysis of  gold  solutions,  788 

VVolla.ston,  his  method  for  extraction  of 
platinum,  782 

W'ood,  on  melting  point  of  tin,  317 

Wood's  alloy,  composition  of,  448 

W^ormley,  on  temperature  of  volatilisa- 
tion of  arsenious  oxide,  600 

Wiillner  and  Bettendorff,  on  specific  heat 
of  arsenic,  598 

Wurtz,  on  temperature  of  volatilisation 
of  arsenious  oxide,  600 

Wurtzite,  18 

W'yott,  on  extraction  of  platinum, 
785  w 


Zahorski,   on   electrolytic  extraction  of 
bismuth,  466 

Zinc  bloom  or  hydrozincite,  occurrence 
of,  20 

Zinc  coke,  232 

Zinc  fume,  2,  178 

Zinc  grey,  222 

Zinc  Industrial  Society,  manufacture  of 
sulphuric  anhydride  by,  98 

Zinc,  physical  properties,  1-5  ;  chemical 
properties,  5-7  ;  properties  of  com- 
pounds, 7-17 ;  alloys,  17  ;  ores,  18-20 
extraction  in  the  dry  way,  22- 
248 ;  preparation  of  ores,  25-95 ; 
absorption  of  gases  given  off  in 
roasting  ores,  69-76  ;  utilisation  of 
products  of  calcination,  95-107  ;  the 
reduction  process,  107-130;  the 
Belgian  process  of  distillation,  133- 
169  ;  the  Silesian  process,  169-198  ; 
the  Belgo-Silesian  process,  202-207  ; 
extraction  from  furnace  products, 
213-222 ;  the  refining  of  zinc,  222- 
230 ;  improved  methods  of  distilla- 
tion, 230-248 
extraction  by  combined  wet  and  drv 

methods,  248-2.51 
electrolytic  extraction  of  tin,  251-291  ; 
in  the  wet  way,  251-263  ;  from  ores, 
263-273 ;  from  various  solutions, 
273-276 ;  from  ores  in  which  tin  is 
a  subsidiary  product,  276-281 ;  from 
alloys,  281-286  ;  in  the  dry  way, 
286-291 
treatment  of  Broken  Hill   ores,  291- 

307 
production  of  zinc  white,  297  ;  of 
mixtures  of  zinc  and  tin  compounds, 
307-313  ;  of  zinc  vitriol,  313-316 
oxide,  7-11  ;  sulphide,  11-14  ;  silicate, 
14;  carlK>nate,  14;  sulphate,  15; 
sulphite,  16  ;  chloride,  16 

Zinc  white,  pro<Uiction  of,  297 

Zincite  or  red  zinc  ore,  occurrence  of,  20 

Zinnzwitter,  502 
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